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substituted  napthylamine  or  a  long  chain  n-alkyl  amine. 
These  compositions  have  good  flow  properties  and  can  be 
made  to  process  readily  in  moulding  or  extension  opera- 
tions. 



R e c e n t l y   a  new  c l a s s   of   t h e r m o e l a s t i c   s u l f o n a t e d  

p o l y m e r s   h a s   b e e n   d e s c r i b e d   in   a  n u m b e r   of   U . S .   p a t e n t s  
w h i c h   a r e - n o n - a p p l i c a b l e   to  t h e   present   i n v e n t i o n .   T h e s e  

p a t e n t s   a r e   U . S .   P a t e n t s   3 , 6 4 2 , 7 2 8 ;   3 , 8 7 0 , 8 4 1 ;   3 , 8 3 6 , 5 1 1 ;  

and  3 , 8 4 7 , 8 5 4 .  

T h i s   p r e s e n t   i n v e n t i o n   r e l a t e s   to  u n i q u e   and  n o v e l  

e l a s t o m e r i c   c o m p o s i t i o n s   of  a  m e t a l   n e u t r a l i z e d   s u l f o n a t e d  

e l a s t o m e r i c   p o l y m e r   b e i n g   p l a s t i c i z e d   w i t h  

a  c r i t i c a l l y   s e l e c t e d   n o n - v o l a t i l e   a m i n e ;   an  o r g a n i c   u r e a  

or   t h i o u r e a   w h e r e i n   t h e   c o m p o s i t i o n s   e x h i b i t   n o t   o n l y   a  s u b -  

s t a n t i a l   i m p r o v e m e n t   in   f l o w   p r o p e r t i e s   b u t   u n e x p e c t e d   a n d  

s u b s t a n t i a l   i m p r o v e m e n t s   i n   p h y s i c a l   p r o p e r t i e s .   T h u s ,   e s s e n -  

t i a l l y   i n t r a c t a b l e   s u l f o n a t e d   p o l y m e r   c a n   be  made  to   p r o c e s s  

r e a d i l y   i n   c o n v e n t i o n a l   m o l d i n g   or   e x t r u s i o n   o p e r a t i o n s .  

The  m e t a l   and  ammonium  n e u t r a l i z e d   s u l f o n a t e d   e l a s -  

t o m e r i c   p o l y m e r s   of   t h i s   p r e s e n t   i n s t a n t   i n v e n t i o n   a r e   d e -  

r i v e d   f r o m   u n s a t u r a t e d   p o l y m e r s   w h i c h   i n c l u d e   low  u n s a t u r a t e d  

e l a s t o m e r i c   p o l y m e r s   s u c h   as  B u t y l   r u b b e r ,   or  EPDM  t e r p o l y m e r s .  



The  e x p r e s s i o n   " B u t y l   r u b b e r "   as  e m p l o y e d   i n   t h e  

s p e c i f i c a t i o n   and  c l a i m s   i s   i n t e n d e d   to  i n c l u d e   c o p o l y m e r s  

made  f r o m   a  p o l y m e r i z a t i o n   r e a c t i o n   m i x t u r e   h a v i n g   t h e r e i n  

f r o m   70  to   9 5 . 5 %   by  w e i g h t   of  an  i s o o l e f i n   w h i c h   h a s   a b o u t  

4  to   7  c a r b o n   a t o m s ,   e . g .   i s o b u t y l e n e   and   0 . 5   to   30%  b y  

w e i g h t  o f   a  c o n j u g a t e d   m u l t i o l e f i n   h a v i n g   f r o m   4  to  14  c a r b o n  

a t o m s ,   e . g .   i s o p r e n e .   The  r e s u l t i n g   c o p o l y m e r   c o n t a i n s   85  t o  

99 .8%  by  w e i g h t   of   c o m b i n e d   i s o o l e f i n   and   0 . 2   to   15%  of   c o m -  

b i n e d   m u l t i o l e f i n .  

B u t y l   r u b b e r   g e n e r a l l y   h a s   a  S t a u d i n g e r   m o l e c u l a r  

w e i g h t   of   2 0 , 0 0 0   to  5 0 0 , 0 0 0 ,   p r e f e r a b l y   2 5 , 0 0 0   to   4 0 0 , 0 0 0  

e s p e c i a l l y   a b o u t   1 0 0 , 0 0 0   to   4 0 0 , 0 0 0   and   a  W i j s   I o d i n e   No.  o f  

0 .5   to  50,   p r e f e r a b l y   1  to  15 .   The  p r e p a r a t i o n   of   B u t y l   r u b -  

b e r   i s   d e s c r i b e d   i n   U . S .   P a t e n t   2 , 3 5 6 , 1 2 8 .  

Fo r   t h e   p u r p o s e s   of   t h i s   i n v e n t i o n ,   t h e   B u t y l   r u b -  

b e r   may  h a v e   i n c o r p o r a t e d   t h e r e i n   f r o m   0 . 2   to   10%  of   c o m b i n e d  

m u l t i o l e f i n ;   p r e f e r a b l y   0 . 5   to   6%;  more   p r e f e r a b l y   1  to  4%,  

e . g .   20% 



I l l u s t r a t i v e   of   s u c h   a  B u t y l   r u b b e r   i s   E x x o n   B u t y l  
365  ( E x x o n   C h e m i c a l   C o . ) ,   h a v i n g   a  m o l e  p e r c e n t   u n s a t u r a t i o n  
of   2 .0%  and  a  Mooney   v i s c o s i t y   (ML,  1  +  8,   2 1 2 ° F . )   of  4 0 - 5 0 .  

Low  m o l e c u l a r   w e i g h t   B u t y l   r u b b e r s ,   i . e .   B u t y l   r u b -  

b e r s   h a v i n g   a  V i s c o s i t y   a v e r a g e   m o l e c u l a r   w e i g h t   of  5 , 0 0 0   t o  

8 5 , 0 0 0   and  a  mole   p e r c e n t   u n s a t u r a t i o n   o f   1  t o   5%  may  be  s u l -  

f o n a t e d   to  p r o d u c e   t h e   p o l y m e r s   u s e f u l   i n   t h i s   i n v e n t i o n .  

P r e f e r a b l y ,   t h e s e   p o l y m e r s   h a v e   a  v i s c o s i t y   a v e r a g e   m o l e c u l a r  

w e i g h t   of  2 5 , 0 0 0   to   6 0 , 0 0 0 .  

The  EPDM  t e r p o l y m e r s   a r e   low  u m s a t u r a t e d   p o l y m e r s  

h a v i n g   1  to  1 0 . 0   w t .   %  o l e f i n i c   u n s a t u r a t i o n ,   more   p r e f e r a b l y  
a b o u t   2  to  a b o u t   8,  m o s t   p r e f e r a b l y   a b o u t   3  to  7  d e f i n e d   a c -  

c o r d i n g   to   t h e   d e f i n i t i o n   as   f o u n d   i n   A S T M - D - 1 4 1 8 - 6 4 .   and  i s  

i n t e n d e d   to  mean  t e r p o l y m e r s   c o n t a i n i n g   e t h y l e n e   and  p r o p y l e n e  

i n   t h e   b a c k b o n e   and  a  d i e n e   i n   t h e   s i d e   c h a i n .   I l l u s t r a t i v e  

m e t h o d s   f o r   p r o d u c i n g   t h e s e   t e r p o l y m e r s   a r e   f o u n d   i n   U . S .  

p a t e n t   3 , 2 8 0 , 0 8 2 ,   B r i t i s h   P a t e n t   1 , 0 3 0 , 2 8 9   and   F r e n c h   P a t e n t  

1 , 3 8 6 , 6 0 0 .   The  p r e f e r r e d   p o l y m e r s   c o n t a i n   40  to  80  w t .   % 

e t h y l e n e   and  1  to   10  w t .  %   of   a  d i e n e   momomer ,   t h e   b a l a n c e   o f  

t h e   p o l y m e r   b e i n g   p r o p y l e n e .   P r e f e r a b l y ,   t h e   p o l y m e r   c o n t a i n s  

45  to  75  w t .  %   e t h y l e n e ,   e . g .   50  w t .  %   amd  2 .6   to   8 . 0   w t .   % 

d i e n e   m o n o m e r ,   e . g .   5 . 0   w t .   %.  The  d i e n e   monomer   i s   p r e f e r -  

a b l y   a  n o n - c o n j u g a t e d   d i e n e .  

I l l u s t r a t i v e   o f   t h e s e   n o n - c o n j u g a t e d   d i e n e   m o n o m e r s  

w h i c h  m a y   be  u s e d   i n   t h e   t e r p o l y m e r   (EPDM)  a r e   1 , 4 - h e x a d i e n e ,  

d i c y c l o p e n t a d i e n e ,   an  a l k y l i d e n e   s u b s t i t u t e d   norbornene ,   eg  5 - e t h y l i d e n e  

2 -no rbomene ,   5 - m e t h y l e n e - 2 - n o r b o r n e n e ,  a n   a l ky l i dene   s u b s t i t u t e d   no rbornene  

eg,  5 - p r o p e n y l - 2 - n o r b o r n e n e ,   t e t r a h y d r o i n d e n e   and  methyl  t e t r a h y d r o i n d e n e .  

A  t y p i c a l   EPDM  i s   V i s t a l o n  2 5 0 4   ( E x x o n   C h e m i c a l   C o . )  

a  t e r p o l y m e r   h a v i n g   a  Mooney   v i s c o s i t y   (ML,  1  +  8 ,   2 1 2 ° F . )   o f  

50  and   h a v i n g   an  e t h y l e n e   c o n t e n t   of   50  w t .   %  and  5 - e t h y l i -  

d e n e - 2 - n o r b o r n e n e   c o n t e n t   of   5 . 0   w t .  % .   The  Mn  of   V i s t a l o n  

2504   i s   4 7 , 0 0 0 ,   t h e   Mv  i s   1 4 5 , 0 0 0   and  t h e   Mw  i s   1 7 4 , 0 0 0 .  

.  A n o t h e r   EPDM  t e r p o l y m e r  V i s t a l o n   2 5 0 4 - 2 0   i s   d e r i v e d  

f rom  V - 2 5 0 4   ( E x x o n   C h e m i c a l   C o . )   by  a  c o n t r o l l e d   e x t r u s i o n  

p r o c e s s ,   w h e r e i n   t h e   r e s u l t a n t   Mooney  v i s c o s i t y   a t   2 1 2 ° F .   i s  

20 .   The  Mn  of   V i s t a l o n   2 5 0 4 - 2 0   i s   2 6 , 0 0 0 ,   t h e   Mv  i s   9 0 , 0 0 0  



and  t h e   Mw  i s   1 2 5 , 0 0 0 .  

N o r d e l   1320  ( d u P o n t )   i s   a n o t h e r   t e r p o l y m e r   h a v i n g  

a  Mooney   v i s c o s i t y   a t   2 1 2 ° F .   o f   25  and   h a v i n g   53  w t .   %  o f  

e t h y l e n e ,   3 . 5   w t .   %  of   1 , 4 - h e x a d i e n e ,   and  a b o u t   4 3 . 5   w t .   % 

o f  p r o p y l e n e .  

The  EPDM  t e r p o l y m e r s   of   t h i s   i n v e n t i o n   h a v e   a  n u m -  
b e r   a v e r a g e   m o l e c u l a r   w e i g h t   (Mn)  of   1 0 , 0 0 0   to  2 0 0 , 0 0 0 ,   m o r e  

p r e f e r a b l y   of   1 5 , 0 0 0   to  1 0 0 , 0 0 0 ,   m o s t   p r e f e r a b l y   of   2 0 , 0 0 0  

to  6 0 , 0 0 0 .   The  Mooney   v i s c o s i t y   (ML,  1  +  8,  2 1 2 ° F . )   of   t h e  

EPDM  t e r p o l y m e r   i s   5  to  60,  more   p r e f e r a b l y   10  to  50,   a n d  

mos t   p r e f e r a b l y   15  to  40 .   The  Mv  of   t h e   EPDM  t e r p o l y m e r   i s  

p r e f e r a b l y   b e l o w   3 5 0 , 0 0 0   and  more   p r e f e r a b l y   b e l o w   5 0 0 , 0 0 0  

and  more   p r e f e r a b l y   b e l o w   3 5 0 , 0 0 0 .  

One  means   f o r   c a r r y i n g   o u t   t h e   s u l f o n a t i o n   p r o c e s s  
of   t he   i n v e n t i o n ,   i s   to   d i s s o l v e   t h e   e l a s t o m e r i c   p o l y m e r   i n  

a  n o n - r e a c t i v e   s o l v e n t   s u c h   as  a  c h l o r i n a t e d   a l i p h a t i c   h y d r o -  

c a r b o n ,   c h l o r i n a t e d   a r o m a t i c   h y d r o c a r b o n ,   an  a r o m a t i c   h y d r o -  

c a r b o n ,   or   an  a l i p h a t i c   h y d r o c a r b o n   s u c h   as  c a r b o n   t e t r a c h l o r -  

i d e ,   d i c h l o r o e t h a n e ,   c h l o r o b e n z e n e ,   t o l u e n e ,   c y c l o h e x a n e ,  

p e n t a n e ,   i s o p e n t a n e ,   h e x a n e ,   i s o h e x a n e ,   or  h e p t a n e .   The  p r e -  
f e r r e d   s o l v e n t s   a r e   t h e   l o w e r   b o i l i n g   a l i p h a t i c   h y d r o c a r b o n s .  

A  s u l f o n a t i n g   a g e n t   i s   a d d e d   to   t h e   s o l u t i o n   of   t h e   e l a s t o m e r -  

ic  p o l y m e r   and   n o n r e a c t i v e   s o l v e n t   a t   a  t e m p e r a t u r e   o f   - 1 0 ° C .  

to  1 0 0 ° C .   f o r   a  p e r i o d   of   t i m e   o f   1  to   60  m i n u t e s ,   more   p r e -  

f e r a b l y   a t   room  t e m p e r a t u r e   f o r   5  to   45  m i n u t e s ;   and   m o s t   p r e -  

f e r a b l y   15  to  30 .   T y p i c a l  s u l f o n a t i n g   a g e n t s  a r e   d e s c r i b e d  

in   U . S .   P a t e n t s   3 , 6 4 2 , 7 2 8   and   3 , 8 3 6 , 5 1 1 .   T h e s e   s u l f o n a t i n g  

a g e n t s   a r e   s e l e c t e d   fxm  an  a c y l   s u l f a t e ,   a  m i x t u r e   o f   s u l f u r -  

i c   a c i d   and   an  a c i d   a n h y d r i d e   or   a  c o m p l e x   o f   a  s u l f u r   t r i -  

o x i d e   d o n o r   and   a  L e w i s   b a s e   c o n t a i n i n g   o x y g e n ,   s u l f u r   o r  

p h o s p h o r o u s .   T y p i c a l   s u l f u r   t r i o x i d e   d o n o r s   a r e   SO3,  c h l o r o -  

s u l f o n i c   a c i d ,   f l u o r o s u l f o n i c   a c i d ,   s u l f u r i c   a c i d ,   o l e u m ,  

e t c .   T y p i c a l   L e w i s   b a s e s   a r e :   d i o x a n e ,   t e t r a h y d r o f u r a n ,  

t e t r a h y d r o t h i o p h e n o l ,   or   t r i e t h y l p h o s p h a t e .   The  m o s t   p r e -  

f e r r e d   s u l f o n a t i o n   a g e n t   f o r   t h e   i n v e n t i o n   i s   an  a c y l   s u l f a t e  

s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   e s s e n t i a l l y   of   b e n z o y l ,  

a c e t y l ,   p r o p i o n y l   or   b u t y r l   s u l f a t e .   T h e   a c y l   s u l f a t e   c a n  



be  f o r m e d   i n   s i t u   in   t h e   r e a c t i o n   med ium  in   a  c h l o r i n a t e d  

a l i p h a t i c   or  a r o m a t i c   h y d r o c a r b o n .  

I t   s h o u l d   be  p o i n t e d   o u t   t h a t   n e i t h e r   t he   s u l f o n -  

a t i n g   a g e n t   n o r   t he   m a n n e r   of   s u l f o n a t i o n   i s   c r i t i c a l ,   p r o -  
v i d e d   t h a t   t h e   s u l f o n a t i n g   m e t h o d   d o e s   n o t   d e g r a d e   t h e   p o l y m e r  
b a c k b o n e .   The  r e a c t i o n   i s   q u e n c h e d   w i t h   an  a l i p h a t i c   a l c o h o l  

s u c h   as  m e t h a n o l ,   e t h a n o l ,   i s o p r o p a n o l ,   w i t h   an  a r o m a t i c   h y -  

d r o x y l   c o m p o u n d ,   s u c h   as  p h e n o l ,   a  c y c l o   a l i p h a t i c   a l c o h o l  

s u c h   as  a  c y c l o h e x a n o l   or   w i t h   w a t e r .   The  s u l f o n a t e d   e l a s -  

t o m e r i c   p o l y m e r   h a s   1 0  t o   60  meq  s u l f o n a t e   g r o u p s   p e r   1 0 0  

g r a m s   of  s u l f o n a t e d   p o l y m e r ,   more   p r e f e r a b l y   15  to  50;   a n d  

m o s t   p r e f e r a b l y   20  t o   4 0 .   The  meq  of   s u l f o n a t e   g r o u p s / 1 0 0  

g r a m s   o f   p o l y m e r   i s   d e t e r m i n e d   by  b o t h   t i t r a t i o n   of   t he   p o l y -  
m e r i c   s u l f o n a t e   and   D i e t e r t   S u l f u r   a n a l y s i s .   In   t h e   t i t r a -  

t i o n   of   t h e   s u l f o n a t e d   p o l y m e r   t h e   p o l y m e r   i s   d i s s o l v e d   in   a  

s o l v e n t   c o n s i s t i n g   of   95  p a r t s   o f   t o l u e n e   and  5  p a r t s   o f  

m e t h a n o l   a t   a  c o n c e n t r a t i o n   l e v e l   of   50  g r a m s   p e r   l i t e r   o f  

s o l v e n t .   The  s u l f o n a t e d   p o l y m e r   i s   t i t r a t e d   w i t h   e t h a n o l i c  

s o d i u m   h y d r o x i d e   to   an  A l i z a r i n - T h y m o l p h t h a l e i n   e n d p o i n t .  

N e u t r a l i z a t i o n   o f   t h e   s u l f o n a t e d   e l a s t o m e r i c   p o l y -  

mer  i s   d o n e ,   f o r   e x a m p l e ,   by  t h e   a d d i t i o n   of  a   s o l u t i o n   o f  

n e u t r a l i z i n g   a g e n t   s u c h   as  a  m e t a l   a c e t a t e  

-  to   t h e   s u l f o n a t e d   e l a s t o -  

m e r i c   p o l y m e r   d i s s o l v e d   i n   t h e   m i x t u r e   o f   t h e   a l i p h a t i c   a l c o -  

h o l   and   n o n - r e a c t i v e   s o l v e n t .   The  m e t a l   a c e t a t e   i s   d i s s o l v e d  

i n  a   b i n a r y   s o l v e n t   s y s t e m   c o n s i s t i n g   o f   w a t e r   a n d / o r   an  a l i -  

p h a t i c   a l c o h o l .   T y p i c a l l y ,   b u t   n o n - l i m i t i n g   m e t a l   a c e t a t e s  

a r e   s o d i u m   a c e t a t e ,   b a r i u m   a c e t a t e ,   m a g n e s -  

i u m  a c e t a t e ,   a l u m i n u m   a c e t a t e ,   p o t a s s i u m   a c e t a t e ,   l e a d   a c e -  

t a t e ,   and   z i n c   a c e t a t e ,   w h e r e i n   z i n c   a c e t a t e   i s   p r e f e r r e d .  
In  general   the  ca t ion   used  for  n e u t r a l i s a t i o n   i s -a   metal  from  groups  
1A,  llA,  1B  or  11B  of  the  Pe r iod i c   T a b l e ,  l e a d  a n t i m o n y   or  i r o n .  

S u f f i c i e n t   n e u t r a l i z i n g   a g e n t   i s   a d d e d   to  t h e   s o l u -  

t i o n   of   t h e   s u l f o n a t e d   e l a s t o m e r i c   p o l y m e r   to  e f f e c t   n e u t r a l -  

i z a t i o n   of  t h e   s u l f o n a t e d   g r o u p s .   I t   i s   p r e f e r a b l e   to  n e u -  

t r a l i z e   a t   l e a s t   95%  of   t h e   s u l f o n a t e d   g r o u p s ,   more   p r e f e r -  



a b l y   98%,  m o s t   p r e f e r a b l y  1 0 0 % ,   M e t a l   o x i d e s   and   h y d r o x i d e s  

s u c h   as  ZnO  and  M g ( O H ) 2  c a n   a l s o   be  e m p l o y e d   to  e f f e c t   t h e  

n e u t r a l i z a t i o n   of  t h e   s u l f o n a t e   g r o u p s .  
The  r e s u l t a n t   n e u t r a l i z e d   s u l f o n a t e d   t e r p o l y m e r   h a s  

a  m a l t   v i s c o s i t y   w h i c h  i s   d e p e n d e n t  u p o n   t h e   m o l e c u l a r   w e i g h t  

of  t h e   b a s e   p o l y m e r ,   t h e   l e v e l   of   s u l f o n a t i o n ,   and  t h e   a s s o c i -  

a t e d   c a t i o n .  A n   EPDM  w i t h   an  c r i g i n a l   M e o n e y   v i s c o s i t y   (ML, 

1  +   8,  2 1 1 ° F . )   o f  3 5 ,   c o n t a i n i n g  4 0   meq.   s u l f o n a t a / 1 0 0   g  EPDM 

and  p o s s e s s i n g   c a t i o n s   s u c h   as  m e r c u r y ,   m a g n e s i u m ,   c a l c i u m ,  

c o b e l t ,  l i t h i u m ,   b a r i u m ,   s o d i u m   and  t h e   l i k e   may  c r u m b l e   u p o n  
leaving  a  c a p i l l a r y   r h e o m e t e r   a t   2 2 0 ° C .   a t   a  s h e a r   r a t e  

of   0 . 7 3   s e c - 1   and  w i l l   p o s s e s s   an  a p p a r e n t   v i s c o s i t y   in   e x -  

c e s s   o f  5   x  106  p o i s e .   An  EPDM  w i t h   an  o r i g i n a l   Mooney   v i s c o s -  

i t y   (ML,  1  +  8 ,   2 1 2 ° F . )   o f   2 0 ,  c o n t a i n i n g   30  meq.   s u l f o r a t e /  

100  g.   EPDM,  and  p o s s e s s i n g   c a t i o n s   s u c h   as  z i n c ,   or  l ead  

ammonium  p o s s e s s   a p p a r e n t   v i s c o s i t i e s   of   f r o m   1 0 6  t o   10  x  
106  p o i s e   a t   a  s h e a r   r a t e   o f   0 . 7 3   s e c - 1   a t   2 0 0 ° C .  

O n  t h e   o t h e r   h a n d   t h e   p h y s i c a l   p r o p e r t i e s   of   t h e  

u n p l a s t i c i z e d   s u l f o n a t e d   a n d  n e u t r a l i z e d   e l a s t o m e r s   i m p r o v e  

w i t h   i n c r e a s i n g   s u l f o n a t e   c o n t e n t .  

G o o d  d e v e l o p m e n t   of   p h y s i c a l   p r o p e r t i e s   u s u a l l y  

s t a r t   to   o c c u r   when   20  meq.   s u l f o n a t e / 1 0 0   g  p o l y m e r   a r e   p r e s -  

e n t ,   and  t h e   p h y s i c a l   p r o p e r t i e s   o b t a i n e d   a t   30  meq.  s u l f o n -  

a t e / 1 0 0   g.  p o l y m e r   and   h i g h e r   a r e  p r e f e r r e d .   H o w e v e r ,   e v e n  

a t   t h e s e   h i g h e r  l e v e l s   of   s u l f o n a t e  t h e   u n p l a s t i c i z e d   n e u -  

t r a l i z e d   s u l f o n a t e d   e l a s t o m e r s   s t i l l   p o s s e s s   r e l a t i v e l y  

m o d e s t   p h y s i c a l   p r o p e r t i e s ,   a n d   t h e   m e l t   v i s c o s i t i e s   a r e   s o  

h i g h   t h a t   m i x i n g   o r   p r o c e s s i n g  t h e s e   gums  i n   t h e   a b s e n c e   o f  

a  p l a s t i c i z e r   on  c o n v e n t i o n a l   e q u i p m e n t   i s   e x t r e m e l y   d i f f i -  

c u l t   i f   n o t   i m p o s s i b l e .  

U.S.  3 ,847,854  and  i t s   equ iva l en t   Fr  2121234  addressed  i t s e l f  
to  the  problem  of  melt  p r o c e s s a b i l i t y   in  metal  s u l f o n a t e   c o n t a i n i n g   e l a s t o m e r s  

and   a  l a r g e   n u m b e r   of  m a t e r i a l s   a r e   c l a i m e d   as   p l a s t i c i z e r s  

t h a t   w o u l d   g i v e  t h e   i o n o m e r s   l o w e r  m e l t   v i s c o s i t i e s   a t   p r o -  



c e s s i n g   t e m p e r a t u r e s   and  t h e r e b y   p e r m i t   m e l t   f a b r i c a t i o n .  

H o w e v e r ,   many  o f   t h e   m a t e r i a l s   i n c l u d e d   a r e   r e l a t i v e l y   p o o r  
f l o w   i m p r o v e r s .  

U . S .   P a t e n t   3 , 8 4 7 , 8 5 4   t e a c h e s   t h a t   t h e   e f f e c t i v e  
f l o w   i m p r o v e r s   h a v e   an  a d v e r s e   e f f e c t   on  p h y s i c a l   p r o p e r t i e s  
and  t h e r e f o r e   d i r e c t s   t h a t   no  more   t h a n   6-7  w t .   %  of   a  n o n -  
v o l a t i l e   p l a s t i c i z e r   be  u s e d   a b o v e   w h i c h   i m p r o v e m e n t s   in   m e l t  

f l o w   was  t a u g h t   to   be  a s s o c i a t e d   w i t h   a  l o s s   i n   p h y s i c a l  

p r o p e r t i e s .  

The  m e l t   v i s c o s i t i e s   o f   t h e   s y s t e m s   i n v e s t i g a t e d  

h e r e i n   w e r e   d e t e r m i n e d   t h r o u g h   t h e   u se   of   a  s t a n d a r d  m e l t  

i n d e x   a p p a r a t u s   a t   1 9 0 ° C . ,   and  g e n e r a l l y   a t   250  p s i .   M a t e r -  

i a l s   p o s s e s s i n g   a  m e l t   i n d e x   u n d e r   t h e s e   c o n d i t i o n s   of   v e r y  
r o u g h l y   0 . 2   g / 1 0   m i n .   or   g r e a t e r   can   be  c o n s i d e r e d   m i x a b l e  

w i t h   p l a s t i c i z e r s ,   f i l l e r s   e x t e n d e r   o i l s ,   and  o t h e r   a d d i -  

t i v e s   in   h i g h   i n t e n s i t y ,   h i g h   s h e a r   r a t e   m i x e r s .  

I t   h a s   b e e n   f o u n d   t h a t   among  a  l a r g e   n u m b e r   of   n o n -  

v o l a t i l e   f u n c t i o n a l   o r g a n i c   c o m p o u n d s   t h a t   c r i t i c a l l y   s e -  

l e c t e d   o r g a n i c   a m i n e s ,   o r g a n i c   u r e a s   o r  o r g a n i c   t h i o u r e a s  

p r o v i d e   f o r   an  e x c e l l e n t   b a l a n c e   of   m a r k e d l y   i m p r o v e d   f l o w  

p r o p e r t i e s   and  a t   t h e   same  t i m e   good  p h y s i c a l   p r o p e r t i e s .  

C o n t r a r y   to   t h e   t e a c h i n g s   of  U . S .   3 , 8 4 7 , 8 5 4   t h e s e   a m i n e s ,  

u r e a s   or   t h i o u r e a s   can   be  u s e d   a t   c o n c e n t r a t i o n s   f a r   b e y o n d  
6-7   p a r t s   b y  w e i g h t   of   a m i n e s , u r e a s   or   t h i o u r e a / 1 0 0   p o l y m e r .  

U s e f u l   o r g a n i c   u r e a   or   t h i o u r e a   f o r   t h e   p r a c t i c e  

of   t h i s   i n v e n t i o n   a r e   t h o s e   w i t h   t he   g e n e r a l   s t r u c t u r e  

w h e r e i n   A  i s   o x y g e n   o r  

s u l f u r ,   and  Rl  and  R2  w h i c h   c a n   be  t h e   same  or  d i f f e r e n t   a r e  

a r a l k y l   g r o u p s   s u c h   a s  

b e n z y l ,   a r y l   g r o u p s   s u c h   as  p h e n y l   or  t o l y l ,   or   a l k y l   g r o u p s  
s u c h   as  o c t a d e c y l .   In   t h e   c a s e   t h a t   b o t h   R1  and  R2  a r e   a l k y l  

g r o u p s ,   a t   l e a s t   one  of   them  m u s t   be  a  C12  to  C22  a l k y l ,   m o r e  

p r e f e r a b l y   C16  to   C22  a l k y l ,   and  m o s t   p r e f e r a b l y   C18  to  C 2 2  

a l k y l   and   m i x t u r e s   t h e r e o f .   A  p r e f e r r e d   u r e a   p l a s t i c i z e r   i s  

d i b e n z y l   u r e a   and  p r e f e r r e d   t h i o u r e a s   a r e   1 , 3 - d i d o d e c y l - 2 - t h i -  



o u r e a ,   and   N,N'   d i - P - t o l y l t h i o u r e a .  

In  o r d e r   to   e x h i b i t   t h e   s u b s t a n t i a l   i m p r o v e m e n t s  
in   the   b a l a n c e   of  m e l t   p r o c e s s a b i l i t y   and  p h y s i c a l   p r o p e r -  
t i e s   t h e   o r g a n i c   u r e a   or  t h i o u r e a   m u s t   a t   l e a s t   be  s o l i d   a t  

room  t e m p e r a t u r e   and  p r e f e r a b l y   p o s s e s s   m e l t i n g   p o i n t s   o f  

5 0 ° C .   and  h i g h e r ,   mos t   p r e f e r a b l y   7 0 ° C .   o r   h i g h e r .  

In  o r d e r   to  a c h i e v e   an  e n h a n c e d   b a l a n c e   of   g o o d  
m e l t   f l o w   c o m b i n e d   w i t h   s a t i s f a c t o r y   p h y s i c a l   p r o p e r t i e s   i t  

i s   i m p o r t a n t   to  i n c o r p o r a t e   t h e   o r g a n i c   u r e a   or   t h i o u r e a   i n -  

to  t h e   n e u t r a l i z e d   s u l f o n a t e d   e l a s t o m e r   a t   5  to   75  p a r t s   b y  

w e i g h t   p e r   h u n d r e d   of   t h e   s u l f o n a t e d   p o l y m e r ,   more   p r e f e r a b l y  

a t   5  to  50,   and  m o s t   p r e f e r a b l y   a t   8  to  3 0 .  

I m p r o v e m e n t s   i n   f l o w   w h i l e   m a i n t a i n i n g   s a t i s f a c t o r y  

p h y s i c a l   p r o p e r t i e s   a r e   o b t a i n a b l e   w i t h   a  v a r i e t y   of   c a t i o n s .  

Of  t h e   many  u s e f u l   c a t i o n s   Zn,  Pb,  Ba,  C a ,   K,  Mg  and  Na  a r e  

p r e f e r r e d .   Most   p r e f e r r e d   i s   t h e   Zn  s u l f o n a t e   w h i c h   p r o v i d e s  

o r g a n i c   u r e a   or  t h i o u r e a   p l a s t i c i z e d   gums  w i t h   good   p h y s i c a l  

p r o p e r t i e s   and   r e a d y   m e l t   p r o c e s s a b i l i t y .  

U s e f u l   a m i n e s   f o r   t h e   p r a c t i c e   o f   t h i s   i n v e n t i o n  

a r e   c r i t i c a l l y   s e l e c t e d   f r o m   s a t u r a t e d   n - a l k y l   a m i n e s ,   w h e r e -  

i n   a l k y l   g r o u p   h a s   a t   l e a s t   20  c a r b o n   a t o m s ;  a n d   mono  and  d i  

a m i n o   as  w e l l   as  a m i n o a l k y l   s u b s t i t u t e d   n a p h t h a l e n e   c o m p o u n d s  

and  m i x t u r e s   t h e r e o f .   P r e f e r r e d   a m i n e   p l a s t i c i z e r s   a r e  

a r a c h i d y l a m i n e ,   b e h e n y l a m i n e ,   1 , 5 - d i a m i . n o n a p h t h a l e n e   and  8 -  

a m i n o - 2 - n a p h t h o l .  

In   o r d e r   to   e x h i b i t   t h e   s u b s t a n t i a l   i m p r o v e m e n t s  

i n   p r o c e s s a b i l i t y   and  p h y s i c a l   p r o p e r t i e s   t h e   c r i t i c a l l y   s e -  
l e c t e d   a m i n e s   m u s t   a t   l e a s t   be  s o l i d s   a t   room  t e m p e r a t u r e s .  

In  o r d e r   to   a c h i e v e   good   m e l t   f l o w   and   p h y s i c a l  

p r o p e r t i e s   i t   i s   i m p o r t a n t   to  i n c o r p o r a t e   t h e   c r i t i c a l l y   s e -  

l e c t e d   a m i n e   i n t o   t h e   n e u t r a l i z e d   s u l f o n a t e d  e l a s t o m e r   a t   8 

t o  7 5   p a r t s   b y  w e i g h t   p e r   h u n d r e d   of   t h e   s u l f o n a t e d   p o l y m e r ,  

more   p r e f e r a b l y   a t   9  to  50,   and   m o s t   p r e f e r a b l y   a t   10  to   3 0 .  

I m p r o v e m e n t s   i n   f l o w   and   p h y s i c a l   p r o p e r t i e s   w i t h  

a m i n e   p l a s t i c i z e r s   a r e   o b t a i n a b l e   w i t h   a  v a r i e t y   of   c a t i o n s .  

Of  t h e   many  u s e f u l   c a t i o n s ,   Zn,  Pb,   Ba,  Ca-,  Mg,  K,  and  Na  a r e  

p r e f e r r e d .   M o s t   p r e f e r r e d   i s   t h e   Zn  s u l f o n a t e   w h i c h   p r o v i d e s  



o r g a n i c   a m i n e   p l a s t i c i z e d   gums  w i t h   good   p h y s i c a l   p r o p e r t i e s  
and   r e a d y   m e l t   p r o c e s s a b i l i t y .  

The  a m i n e s ,   u r e a s   or  t h i o u r e a s   c an   be  i n c o r p o r a t e d  
i n t o   t h e   u n p l a s t i c i z e d   gums  in   a  n u m b e r   of   w a y s .   One  m e a n s  
i s   t he   a d d i t i o n   of   t h e   a m i d e   to  t he   c e m e n t   of  t h e   s u l f o n a t e d  
and  n e u t r a l i z e d   p o l y m e r   p r i o r   to  i t s   i s o l a t i o n   d u r i n g   t h e  

m a n u f a c t u r i n g   p r o c e s s .   The  r e s u l t a n t   p l a s t i c i z e d   p o l y m e r  

c a n   s t i l l   h a v e   s u f f i c i e n t l y   h i g h  v i s c o s i t y   and  i n t e g r i t y   a t  
t h e   u s u a l   t e m p e r a t u r e s   of  d r y i n g   so  t h a t   i t   c o u l d   be  e a s i l y  
and  c o n v e n i e n t l y   d r i e d   in   a  t u m b l e   d r y e r   or  f l u i d   bed   d r y e r  
w i t h   h o t   a i r   a t   f o r   e x a m p l e   1 0 0 ° C .   Yet   t h e   p l a s t i c i z e d  

p o l y m e r   can   be  made  to   p o s s e s s   s u f f i c i e n t l y   low  v i s c o s i t y   s o  
t h a t   i t   may  be  d e w a t e r e d   and   d r i e d   in   a  d e w a t e r i n g   e x t r u d e r .  

A m i n e s ,   u r e a s   or  t h i o u r e a s   c an   a l s o   be  a d d e d   to  t h e  

gums  t h r o u g h   t h e   s o l u t i o n   of   a l r e a d y   i s o l a t e d   and  d r i e d   u n -  

p l a s t i c i z e d   gums  and  t h e   a d d i t i o n   of   t h e   a m i n e   to  t h i s   s o l u -  

t i o n .   The  r e s u l t a n t   b l e n d   i s   i s o l a t e d   in   t h e   u s u a l   m a n n e r .  

A l t e r n a t i v e l y   i n   c a s e s   w h e r e   t h e   u n p l a s t i c i z e d   gums  do  n o t  

p o s s e s s   too   h i g h   of  a  v i s c o s i t y ,   i t   i s   p o s s i b l e   to  f l u x   t h e  

gum  and  t h e   a m i n e   i n   h i g h   i n t e n s i t y , . h i g h   s h e a r   m i x e r s   s u c h   a s  

B a n b u r y   m i x e r s   and  F a r r e l l   c o n t i n u o u s   m i x e r s .  

EXAMPLE  1  -   PREPARATION  OF  A  NEUTRALIZED  LIGHTLY  SULFONATED 

POLYMER 

An  EPDM  was  u s e d   as  t h e   b a c k b o n e   e l a s t o m e r i c   p o l y -  

m e r .   I t   had   a  c o m p o s i t i o n   of   a b o u t   52  w t .  %   e t h y l e n e ,   43  w t .  

%  p r o p y l e n e   and  5  w t .  %   of   5 - e t h y l i d e n e - 2 - n o r b o r n e n e ,   and  i t  

h a d  a   Mooney   v i s c o s i t y   ML  @ 1 0 0 ° C .   (1  +  8  m i n . )   of   20.   T h i s  

b a s e   p o l y m e r   was  l i g h t l y   s u l f o n a t e d   u s i n g   a c e t y l   s u l f a t e   i n  

a c c o r d a n c e   w i t h   t h e   m e t h o d   d i s c l o s e d   i n   U . S .   P a t e n t   3 , 8 3 6 , 5 1 1 ,  

to  a  s u l f o n a t e   l e v e l   of   32  meq.  p e r   100  g.  of  b a s e   p o l y m e r .  

The  a c i d   f o r m   of  t h i s   l i g h t l y   s u l f o n a t e d   e l a s t o m e r   was  n e u t r a l -  

i z e d   i n   s o l u t i o n   by  t h e   a d d i t i o n   of   e x c e s s   z i n c   a c e t a t e   a t   a  

c o n c e n t r a t i o n   of  60  meq.   p e r   100  g.  of  p o l y m e r .   T h i s   m a t e r i a l  

was  s t e a m   s t r i p p e d   and  t h e n   d r i e d   in   a  f l u i d i z e d   bed   h o t   a i r  

d r i e r .   T h i s   m a t e r i a l   was  u t i l i z e d   f o r   t h e   p r e p a r a t i o n   o f  

some  of  t h e   s a m p l e s   w h i c h   a r e   d e s c r i b e d   in   t h e   f o l l o w i n g  



e x a m p l e s .   T h i s   z i n c   n e u t r a l i z e d   l i g h t l y   s u l f o n a t e d   EPDM 

was  q u i t e   t o u g h   e v e n   a t   e l e v a t e d   t e m p e r a t u r e s ,   and  i t   w a s  

too   i n t r a c t a b l e   to  be  f a b r i c a t e d   by  r a p i d   p o l y m e r   p r o c e s s i n g  

t e c h n i q u e s   s u c h   as  e x t r u s i o n   or   i n j e c t i o n   m o l d i n g .  

E X A M P L E  2  -   MELT  INCORPORATION  OF  ARACHIDYLAMINE  INTO  A 
NEUTRALIZED  LIGHTLY  SULFONATED  POLYMER 

4 5 . 8   g  of  t he   n e u t r a l i z e d   l i g h t l y   s u l f o n a t e d   p o l y -  

mer  in   a  c rumb  fo rm  p r e p a r e d   i n   E x a m p l e   1  was  b r i e f l y   m i x e d  

in   a  b e a k e r   w i t h   a  s p a t u l a   w i t h   8 . 2   g  of  p o w d e r e d   a r a c h i d y l -  

a m i n e .   T h i s   was  a  c o n c e n t r a t i o n   of  60  meq.   of  a r a c h i d y l a m i n e  

p e r   100  g  of   gum,  or  1 5 . 2   w t .   %  a d d i t i v e .   T h i s   b l e n d   w a s  

a d d e d   to  a  B r a b e n d e r   P l a s t i c o r d e r   h a v i n g  a   60  cc  m i x i n g   h e a d  

w i t h   B a n b u r y   m i x e r s .   The  m a t e r i a l   was  m i x e d   a t   1 6 0 ° C .   and   5 0  

RPM.  V e r y   r a p i d l y   t h e   m a t e r i a l   f u s e d   i n t o   a  c o h e r e n t   m e l t  

w h i c h   m i x e d   v e r y   w e l l   in   t h e   m i x i n g   h e a d   and   r e s u l t e d   i n   e x -  
c e l l e n t   d i s p e r s i o n   of   t h e   a d d i t i v e .   S i x   m i n u t e s   a f t e r   t h e  

a d d i t i o n   of  t h e   b l e n d   to  t h e   m i x e r   had   b e e n   c o m p l e t e d ,   m i x i n g  

was  t e r m i n a t e d .   Then   t h e   m a t e r i a l   was  s h e e t e d   o u t   by  a  

s i n g l e   p a s s   t h r o u g h   a  t w o - r o l l   m i l l   h a v i n g   a b o u t   0 . 0 4 0   i n c h  

r o l l   s e p a r a t i o n .  

EXAMPLE  3  -   PREPARATION OF  TEST  SAMPLES-,  AND  MEASUREMENT  OF 
FLOW  AND  TENSILE  PROPERTIES  OF  A  LIGHTLY  SULFON- 
ATED  EPDM  PLASTICIZED  WITH  VARIOUS  SUBSTITUTED 
AMINES  AT  HIGH  C O N C E N T R A T I O N S  

V a r i o u s   s u b s t i t u t e d   a m i n e s  w e r e   i n c o r p o r a t e d   i n t o  

s a m p l e s   of  t h e   n e u t r a l i z e d  s u l f o n a t e d   EPDM  d e s c r i b e d   i n  

E x a m p l e   1,  u s i n g   p r o c e d u r e s   s i m i l a r   to   t h o s e   d e s c r i b e d   i n  

E x a m p l e  2 .   Good  m i x i n g   was  o b t a i n e d   i n   e a c h   c a s e ,   and  h o m o -  

g e n e o u s   m a t e r i a l s   w e r e   p r o d u c e d  i n  e a c h   m i x .   T e s t   p a d s   w e r e  

made  f r o m   e a c h   of  t h e s e   s a m p l e s   p r e p a r e d   i n   E x a m p l e   2,  b y  

c o m p r e s s i o n   m o l d i n g   a t   3 5 0 ° F .   T h e   p r o c e d u r e   was  to   p r e h e a t  

t h e   e m p t y   mo ld   p l a t e s   i n  t h e   p r e s s   f o r   a  few  m i n u t e s ,   t h e n  

t h e   m a t e r i a l   was  p u t   in   t h e  m o l d   and   t h e   mold   c o n t a i n i n g   t h e  

m a t e r i a l   was  p r e h e a t e d . i n   t h e  p r e s s  w i t h  t h e   mold   p l a t e s  

s l i g h t l y   o p e n   f o r   two  m i n u t e s .   T h e n  t h e   mold   p l a t e s   w e r e  

p r e s s e d   c l o s e d   u n d e r   a  f o r c e   of   a b o u t  2 0   t o n s   f o r   two  m i n -   ,  
u t e s .   The  s a m p l e s  w e r e   c o o l e d   i n   t h e   m o l d s   u n d e r   p r e s s u r e  

f o r   two  m i n u t e s .   M i c r o t e n s i l e   p a d s   h a v i n g   a  t h i c k n e s s   of   0 . 6  

mm  and   t e s t   r e g i o n s   m e a s u r i n g   2 . 5 4   mm  i n   w i d t h   and  1 2 . 7   mm  i n  



l e n g t h   w e r e   c u t   f rom  t h e   t e s t   p a d s   w i t h   a  d i e .   The  s a m p l e s  

w e r e   s t o r e d   in   c l o s e d   d r y   b o t t l e s   f o r   one  or  more  d a y s   p r i o r  
to  t e n s i l e   t e s t i n g .  

T e n s i l e   s t r e n g t h s   of   t he   s a m p l e s   w e r e   m e a s u r e d   w i t h  

an  I n s t r o n   TM  t a b l e   m o d e l   i n s t r u m e n t ,   u s i n g   a  p u l l i n g   s p e e d  
of   51  mm  p e r   m i n u t e .   M e a s u r e m e n t s   w e r e   made  a t   room  t e m p e r a -  
t u r e   ( 2 5 ° C . ) ,   and  a l s o   a t   a  h i g h e r   t e m p e r a t u r e   to  d e t e r m i n e  

t he   u s e f u l n e s s   of   t h e   m a t e r i a l s   a t   e l e v a t e d   t e m p e r a t u r e .   I n  
t h e   m e a s u r e m e n t s   a t   e l e v a t e d   t e m p e r a t u r e ,   a f t e r   b e i n g   p l a c e d  
in   t h e   t e s t i n g   o v e n ,  Q   3  m i n u t e   w a i t i n g   p e r i o d   was  a l l o w e d  

b e f o r e   p u l l i n g   to  e n a b l e   t h e   s a m p l e   to  e q u i l i b r a t e   w i t h   t h e  

o v e n   t e m p e r a t u r e .   The  e l e v a t e d   t e m p e r a t u r e   u t i l i z e d   in   m o s t  

m e a s u r e m e n t s   was  7 0 ° C .  

M e l t   f l o w   r a t e s   f o r   t h e   v a r i o u s   m a t e r i a l s   w e r e   d e -  

t e r m i n e d   a t   1 9 0 ° C .   w h i c h   i s   i n   t h e   r a n g e   of  t y p i c a l   p r o c e s s i n g  

t e m p e r a t u r e s   f o r   l i g h t l y   s u l f o n a t e d   EPDM.  The  m e l t   i n d e x  

i n s t r u m e n t   s p e c i f i e d   i n   ASTM  1 2 3 8 - 7 0   was  u s e d ,   w i t h   t h e  

s t a n d a r d   c a p i l l a r y .   The  w e i g h t   of   t h e   p r o b e   p l u s   t he   a d d e d  

w e i g h t   was  1 2 . 5   k i l o g r a m s .   F l o w   r a t e s   w e r e   m e a s u r e d   e l e c -  

t r o n i c a l l y   as  p r o b e   d i s p l a c e m e n t   p e r   m i n u t e ,   and  t h e s e   r e -  
s u l t s   w e r e   c o n v e r t e d   to  g r a m s   p e r   10  m i n u t e s   u s i n g   a  c o n v e r s -  

i o n   f a c t o r .  

The  m e l t   f l o w   r a t e s   and  t e n s i l e   p r o p e r t i e s   f o r   t h e  

p l a s t i c i z e d   l i g h t l y   s u l f o n a t e d   EPDM  s a m p l e s   a r e   shown  i n  

T a b l e   I .   T h e s e   r e s u l t s   show  t h a t   a  l i g h t l y   s u l f o n a t e d   EPDM 

m a t e r i a l   p l a s t i c i z e d   w i t h   h i g h   c o n c e n t r a t i o n s   of   v a r i o u s   s u b -  

s t i t u t e d   a m i n e s   r e s u l t   i n   much  i m p r o v e d   m e l t   f l o w   r a t e s ,   o v e r  

30  t i m e s  t h a t   of   t h e   n o n p l a s t i c i z e d   gum,  r e s u l t i n g   in   m u c h  

b e t t e r   p r o c e s s a a b i l i t y   a t   f a b r i c a t i o n   t e m p e r a t u r e s .   I t   c a n  

a l s o   be  s e e n   f rom  T a b l e   I  t h a t   t h e   room  t e m p e r a t u r e   t e n s i l e  

s t r e n g t h s   a r e   f a r   a b o v e   t h a t   of   t h e   n o n p l a s t i c i z e d   s u l f o n a t e d  

gum.  In   p a r t i c u l a r ,   t he   room  t e m p e r a t u r e   t e n s i l e   s t r e n g t h s  

of   t h e   1 ,5   d i a m i n o n a p h t h a l e n e   and   8 - a m i n o - 2 - n a p h t h o l   a r e   e x -  

t r e m e l y   o u t s t a n d i n g . . L i k e w i s e ,   e v e n   a t   7 0 ° C .   t e n s i l e   s t r e n g t h s  

of  t h e s e   two  a d d i t i v e s   a r e   f a r   b e t t e r   t h a n   t h e   n o n p l a s t i c i z e d  

gum.  S i n c e   t h e s e - m a t e r i a l s   a r e   t h e r m o p l a s t i c   e l a s t o m e r s   a n d  

h a v e   good   m e l t   f l o w   a t   p r o c e s s i n g   t e m p e r a t u r e s   ( s a y ,   1 9 0 ° C . ) ,  



s u c h   h i g h   t e n s i l e   s t r e n g t h s   of  n e a r l y   900  p s i   a t   t h i s   e l e -  

v a t e d   t e m p e r a t u r e   a r e   q u i t e   o u t s t a n d i n g .   The  gum  p l a s t i c i z e d  

w i t h  t h e   a r c h i c y l a m i n e   i s   r e c o m m e n d e d   f o r   a p p l i c a t i o n s   w h i c h  

w i l l   i n v o l v e   u se   in   t h e   v i c i n i t y   of   room  t e m p e r a t u r e ,   or  f o r  

low  t e m p e r a t u r e   a p p l i c a t i o n s   b e c a u s e   of  i t s   p o o r   s t r e n g t h   a t  

7 0 ° C .   P r e s u m a b l y   t he   p o o r   s t r e n g t h   of  t h e   a r a c h i d y l a m i n e   a t  

7 0 ° C .   i s   a  r e s u l t   of  i t s   r e l a t i v e l y   low  m e l t i n g   p o i n t .  

T h i s   e x a m p l e   i n c l u d e s   a  h y d r o x y a m i n o n a p h t h a l e n e .  

I t   i s   r e m a r k a b l e   how  c l o s e   t h e   p r o p e r t i e s   of   t h i s   h y d r o x y   s u b -  

s t i t u t e d   n a p h t h a l e n e   a r e   to   t he   p r o p e r t i e s   of   t h e   1 , 5 - d i -  

a m i n o n a p h t h a l e n e   r e p o r t e d   in   T a b l e   I .   S i n c e   t he   m o n o h y d r o x y  

f u n c t i o n a l i t y   i s   a  c o n s i d e r a b l y   l e s s   e f f e c t i v e   m e l t   f l o w   i m -  

p r o v e r   f o r   t h e s e   m a t e r i a l s   t h a n   t h e   a m i n e   f u n c t i o n a l i t y   ( e . g .  

see   T a b l e   V I ) ,   i t   a p p e a r s   t h a t   t h e   p r e s e n c e   of   t h e   h y d r o x y  

f u n c t i o n a l i t y   d o e s n ' t   a f f e c t   m e l t   f l o w   p r o p e r t i e s   m u c h ,  

t h o u g h   i t   d o e s   h a v e   an  i m p o r t a n t   e f f e c t   on  t h e   t e m p e r a t u r e  
of   o n s e t   of  p h a s e   s e p a r a t i o n   of  t h e   a d d i t i v e .   A l s o ,   i n   v i e w  

of  t h e   s i m i l a r i t y   in   t h e   p r o p e r t i e s  o f   t h e s e   two  s u b s t i t u t e d  

n a p h t h a l e n e s ,   i t   s eems   t h a t   i n   t h e   1 , 5 - d i a m i n o n a p h t h a l e n e  

o n l y   on  of   t h e   a m i n e   s u b s t i t u e n t s   i s   b e i n g   v e r y   e f f e c t i v e   i n  

p r o m o t i n g   m e l t   f l o w   of  t he   s u l f o n a t e d   e l a s t o m e r .   H o w e v e r ,  

t h e   p r e s e n c e   of   t h e   s e c o n d   a m i n e   g r o u p   w o u l d   h a v e   an  i m p o r t -  

a n t   e f f e c t   on  t h e   t e m p e r a t u r e s   of   p h a s e   s e p a r a t i o n   of  t h e   a d -  

d i t i v e .  

T h i s   e x a m p l e  i l l u s t r a t e s   t h a t   h i g h   c o n c e n t r a t i o n s  

of  v a r i o u s   s u b s t i t u t e d   a m i n e s   a t   w e l l   a b o v e   t h e   l e v e l s   t a u g h t  

to  be  d e t r i m e n t a l   by  p r i o r   a r t  c a n   g i v e   an  o u t s t a n d i n g   b a l -  

a n c e   of   e x c e l l e n t   t e n s i l e   p r o p e r t i e s   a t   u s e   t e m p e r a t u r e  c o m -  

b i n e d   w i t h   s a t i s f a c t o r y   m e l t   f l o w   a t   p r o c e s s i n g   t e m p e r a t u r e .  





E X A M P L E  4  -   A  CLASS  OF  AMINES  NOT  GIVING  GOOD  MELT  FLOW  AS 
ADDITIVES  AT  HIGH  CONCENTRATIONS  TO  A  SULFONATED 
EPDM 

Two  s a m p l e s   of   n e u t r a l i z e d   s u l f o n a t e d   EPDM  p r e p a r e d  

in   t h e   m a n n e r   d e s c r i b e d   in   E x a m p l e   1,  w e r e   p l a s t i c i z e d   w i t h  

N , N ' d i p h e n y l - p - p h e n y l e n e d i a m i n e ,   and  w i t h   t r i p h e n y l a m i n e   i n  

the   B r a b e n d e r   P l a s t i c o r d e r   d e s c r i b e d   i n   E x a m p l e   2.  The  c o n -  

c e n t r a t i o n s   w e r e   1 5 . 6   and  1 3 . 2   w t .   p e r c e n t   r e s p e c t i v e l y .   I n  

t h e   m i x i n g   of  t h e s e   a d d i t i v e s   i n t o   t h e   n o n - p l a s t i c i z e d   g u m ,  
t h e   m a t e r i a l   was  s l o w   to  f u s e ,   and  when  f u s i o n   o c c u r r e d   t h e  

m e l t s   w e r e   q u i t e   t o u g h   and  t h e y   t e n d e d   to  b r e a k   i n t o   c h u n k s  

d u r i n g   m i x i n g   r a t h e r   t h a n   f o r m i n g   a  s m o o t h   c o h e r e n t   m e l t  

w i t h i n   t he   m i x e r .   A l s o ,   m i x i n g   t i m e s   t e n d e d   to   be  l o n g e r  

w i t h   t h e s e   t o u g h   m a t e r i a l s .   H o w e v e r ,   in   s p i t e   of   t h e   m i x i n g  

d i f f i c u l t i e s ,   i t   a p p e a r e d   t h a t   s a t i s f a c t o r y   h o m o g e n e i t y   w a s  

o b t a i n e d   in   t h e   mix ,   and  t h e   m a t e r i a l s   r e m o v e d   f r o m   t h e   m i x e r  

a p p e a r e d   to  be  u n i f o r m .   M e l t   f l o w   m e a s u r e m e n t s   w e r e   made  a t  

1 9 0 ° C .   f o r   t h e s e   m a t e r i a l s   a c c o r d i n g   to   t h e   p r o c e d u r e s   o f  

E x a m p l e   3 .  

The  m e l t   f l o w   r a t e s   m e a s u r e d   f o r   N , N ' d i p h e n y l - p -  

p h e n y l e n e d i a m i n e ,   and  t r i p h e n y l a m i n e   a r e   l i s t e d   i n   T a b l e   I I .  

The  f l o w   r a t e s   a r e   q u i t e   low  --   l e s s   t h a n   o n e - q u a r t e r   of   t h e  

l o w e s t   v a l u e   f o r   a  p l a s t i c i z e d   m a t e r i a l   i n   T a b l e   I .   T h i s  

e x a m p l e   shows   a  c l a s s   o f  a m i n e s   w h i c h   h a s   r e l a t i v e l y   p o o r  
e f f e c t i v e n e s s  a s  a   m e l t   f l o w   i m p r o v e r .   In   t h e   N , N ' d i p h e n y l -  

p - p h e n y l e n e d i a m i n e   b o t h   of   t h e   n i t r o g e n   a t o m s   a r e   a t t a c h e d  

to  two  p h e n y l   r i n g s .   In  t h e   t r i p h e n y l a m i n e ,   of   c o u r s e ,   t h e  

n i t r o g e n   a t o m   i s   a t t a c h e d   to   t h r e e   p h e n y l   r i n g s .   A p p a r e n t l y ,  

when  t h e   n i t r o g e n   a t o m   i s   a t t a c h e d   to   two  or  more   p h e n y l  

r i n g s   i t   b e c o m e s  a   l e s s   e f f e c t i v e   m e l t   f l o w   i m p r o v e r .  



EXAMPLE  5  -   SOME  SELECTED  AMINES  GIVING  RELATIVELY  LOW  T E N S I L E  
STRENGTH  AS  ADDITIVES  AT  HIGH  CONCENTRATIONS  TO 
A  SULFONATED  EPDM 

S a m p l e s   of   n e u t r a l i z e d   s u l f o n a t e d   EPDM  p r e p a r e d   i n  
t he   m a n n e r   d e s c r i b e d   i n   E x a m p l e   1,  w e r e   p l a s t i c i z e d   a t   h i g h  
c o n c e n t r a t i o n s   w i t h   v a r i o u s   s u b s t i t u t e d   a m i n e s   i n   t h e   m a n n e r  
d e s c r i b e d   in   E x a m p l e   2.  M e l t   f l o w   and  t e n s i l e   m e a s u r e m e n t s  

w e r e   made  a c c o r d i n g   to  t he   p r o c e d u r e s   of  E x a m p l e   3.  R e s u l t s  
f o r   t h e s e   m a t e r i a l s   a r e   shown  in   T a b l e   I I I .   The  m a t e r i a l s  

l i s t e d   i n   T a b l e   I I I   a r e   some  a m i n e s   w h i c h   w e r e   f o u n d  t o   h a v e  

r e l a t i v e l y   low  room  t e m p e r a t u r e   t e n s i l e   s t r e n g t h .   T h r e e   o f  

t h e s e   m a t e r i a l s   show  u n u s u a l l y   h i g h   m e l t   f l o w   r a t e s   a t   1 9 0 ° C ;  

h o w e v e r ,   t h e y   a l s o   h a v e   u n u s u a l l y   low  t e n s i l e   s t r e n g t h .   A p -  

p a r e n t l y   t he   c a u s e   of   t h e   r e l a t i v e l y   low  room  t e m p e r a t u r e   t e n -  
s i l e   s t r e n g t h s   f o r   t h e s e   m a t e r i a l s   i s   t h a t   t h e y   c o n t i n u e   t o  

be  v e r y   e f f e c t i v e   p l a s t i c i z e r s   e v e n   a t   room  t e m p e r a t u r e .   A l l  

of   t h e s e   f o u r   a d d i t i v e s   h a v e   m e l t i n g   p o i n t s   e i t h e r   o n l y  

s l i g h t l y   a b o v e   room  t e m p e r a t u r e   or  b e l o w   r o o m - t e m p e r a t u r e ,   a n d  

a p p a r e n t l y   a t   room  t e m p e r a t u r e   w h e r e   t h e   t e n s i l e   m e a s u r e m e n t s  
w e r e - m a d e   t h e y   a r e   n o t   a p p r e c i a b l y   p h a s e   s e p a r a t e d   f rom  t h e  

p o l y m e r   p h a s e ,   so  t h e y   c o n t i n u e   to  i n t e r a c t   w i t h   and  s t r o n g l y  

p l a s t i c i z e   t he   i o n i c   p o l y m e r .   T h i s   c a u s e s   t h e   m a t e r i a l s   t o  

y i e l d   and  b r e a k   a t   r e l a t i v e l y   low  f o r c e s .   Di  and  t r i   a l k y l  

a m i n e s   seem  to  be  p a r t i c u l a r l y   e f f e c t i v e   m e l t   f l o w   i m p r o v e r s  

f o r   s u l f o n a t e d   EPDM:  t h i s   i s   n o t e w o r t h y   in   v i e w   of  t h e i r   r e l a -  

t i v e l y   low  d i p o l e   m o m e n t s .   H o w e v e r ,   many  of   t h e   di   and  t r i  

a l k y l   a m i n e s   h a v e   r e l a t i v e l y   low  m e l t i n g   p o i n t s   and  t h e y   a r e  

n o t  a p p r e c i a b l y   p h a s e   s e p a r a t e d   f rom  t h e   p o l y m e r   a t   r o o m  

t e m p e r a t u r e .   T h e s e   a d d i t i v e s   a l s o   seem  to  h a v e   more  d i f f i -  

c u l t y   p h a s e   s e p a r a t i n g   f r o m   t h e   EPDM  t h a n   t h e   n o r m a l   a m i n e s   - -  

p e r h a p s   b e c a u s e   t h e i r   s t r u c t u r e   makes   p r o p e r   p a c k i n g   m o r e  

d i f f i c u l t   so  t h a t   t h e i r   p h a s e   s e p a r a t i o n   as  a  d i s p e r s e d   s o l i d  

f r o m   t h e   p o l y m e r   p h a s e   o f t e n   t e n d s   to  o c c u r   f u r t h e r   b e l o w  

t h e i r   m e l t i n g   p o i n t   t h a n   f o r   n o r m a l   a l k y l   a m i n e s .   For   t h e s e  

r e a s o n s   di   and  t r i   a l k y l   a m i n e s   in   s u l f o n a t e d   e l a s t o m e r s  

a r e   more  s u i t e d   to   a p p l i c a t i o n s   n o t   r e q u i r i n g   s u b s t a n t i a l  

s t r e n g t h ,   s u c h   as  i n   c a u l k i n g   and  c o a t i n g   a p p l i c a t i o n s   or  i n  



s o l u t i o n   a p p l i c a t i o n s .  

In  t h e   c a s e   of   t he   d o d e c y l a m i n e   i t   a p p e a r s   t h a t  

i t s   c h a i n   l e n g t h   i s   t o o   s h o r t   to  g i v e   v e r y   g o o d   t e n s i l e  

s t r e n g t h   a t   room  t e m p e r a t u r e .   L o n g e r   c h a i n   l e n g t h   n o r m a l  

s a t u r a t e d   a m i n e s ,   s u c h   as  t h e   a r a c h i d y l a m i n e   (20  c a r b o n  

c h a i n )   i n c l u d e d   in   T a b l e   I  g i v e   good   t e n s i l e   s t r e n g t h   a t  

room  t e m p e r a t u r e ,   c o m b i n e d   w i t h   good   m e l t   f l o w   a t   p r o c e s s i n g  

t e m p e r a t u r e s .  





EXAMPLE  6  -   PHYSICAL  PROPERTIES  AS  A  FUNCTION  OF  CONCENTRA- 
TIONS  FOR  SOME  SUBSTITUTED  AMINES  IN  A  SULFON- 
ATED  EPDM 

S a m p l e s   of   n e u t r a l i z e d   s u l f o n a t e d   EPDM  p r e p a r e d  
in   t h e   m a n n e r   d e s c r i b e d   in   E x a m p l e   1  w e r e   p l a s t i c i z e d   w i t h  

v a r i o u s   l e v e l s   of  t w o   s u b s t i t u t e d   a m i n e s ,   1 , 5 - d i a m i n o n a p h t h a -  
l e n e   and  8 - a m i n o - 2 - n a p h t h o l ,   i n   t h e   B r a b e n d e r   m i x i n g   h e a d  

d e s c r i b e d   i n   E x a m p l e   2.  The  d i f f e r e n t   c o n c e n t r a t i o n s   of   e a c h  

s a m p l e   w e r e   p r e p a r e d   as  f o l l o w s .   For   t h e   l o w e s t   l e v e l s   o f  

e a c h   of  t h e s e   a d d i t i v e s ,   37  g.   of   t h e   n o n p l a s t i c i z e d   gum  d e s -  

c r i b e d   in   E x a m p l e   1  was  a d d e d   to   t h e   m i x i n g   h e a d ,   and   t h e n  

0 . 9   g  of  t h e   a d d i t i v e   was  a d d e d .   A  m i x i n g   s p e e d   of   50  RPM 

was  u s e d   f o r   a l m o s t   a l l   of   t h e   m i x i n g   i n   t h e   B r a b e n d e r   m i x i n g  
h e a d .   For   e a c h   a d d i t i v e ,   m i x i n g   was  s t a r t e d   a t   1 6 0 ° C .   b u t   b e -  

c a u s e   of   t h e i r   h i g h e r   m e l t i n g   p o i n t s ,   t e m p e r a t u r e s   of   up  t o  

2 1 0 ° C .   w e r e   u s e d   f o r   s h o r t   t i m e s   d u r i n g   t h e   m i x i n g   p r o c e d u r e s .  
A b o u t   3  m i n u t e s   a f t e r   a d d i n g   e a c h   o f   t h e   m a t e r i a l s ,   t h e y   w e r e  

m i x i n g   w e l l   and  w e r e   w e l l   h o m o g e n i z e d .   At  t h i s   p o i n t   f o r  

e a c h   a d d i t i v e   a  s m a l l   s a m p l e   of   a b o u t   6  g  was  r e m o v e d   f r o m  

t h e   m e l t   t h r o u g h   t he   g a t e   of  t h e   m i x i n g   h e a d .   T h e n   an  a d d i -  

t i o n a l   1 . 8 8   g.  of   t h e   p a r t i c u l a r   p l a s t i c i z e r   was  a d d e d   a n d  

a d d i t i o n a l   n o n p l a s t i c i z e d   s u l f o n a t e d   E?DM  gum  was  a d d e d   t o  

f i l l   t h e   m i x i n g   h e a d .   T h i s   m a t e r i a l   was  m i x e d   u n t i l   i t   w a s  

m i x i n g   w e l l   and  t h e   t o r q u e   r e a d i n g  h a d   s t a b i l i z e d ;   u s u a l l y  

t h i s   t o o k   a b o u t   3  m i n u t e s ,   and  t h e n   a  s e c o n d   s a m p l e   of   a b o u t  

6  g.   was  r e m o v e d   f r o m   t h e   m i x i n g   h e a d .   C a l c u l a t i o n s   of   w t .   % 

a d d i t i v e   f o r   t h e s e   s a m p l e s   t o o k   i n t o   c o n s i d e r a t i o n   t h e   s a m p l e  

p r e v i o u s l y   r e m o v e d   as  w e l l   as  t h e   a d d i t i o n a l   a d d i t i v e   a n d  

n o n p l a s t i c i z e d   gum  a d d e d   a f t e r   t h e   e a r l i e r   s a m p l e   was  t a k e n .  

A f t e r   t h e   s e c o n d   s a m p l e   was  r e m o v e d   and  w e i g h e d ,   an  a d d i t i o n -  

a l   5 . 2 5   g.  of  t h e   p a r t i c u l a r   a d d i t i v e   was  a d d e d   and   a l s o   a d d i -  

t i o n a l   n o n p l a s t i c i z e d   gum  to  a d e q u a t e l y   f i l l   t h e   B r a b e n d e r  

m i x i n g   h e a d   so  t h a t   t h e   g a t e   was  j u s t   b a r e l y   b o u n c i n g .   T h e  

a m o u n t   of   n o n p l a s t i d i z e d   gum  n e e d e d   was  d e t e r m i n e d   by  r u n n i n g  

t h e   m i x i n g   h e a d   f o r   a  s h o r t   t i m e   ( r o u g h l y   15  s e c o n d s )   and   o b -  

s e r v i n g   w h e t h e r   t h e   g a t e   was  b o u n c i n g   s l i g h t l y   - -   i n d i c a t i n g  

a  f i l l e d   m i x i n g   h e a d .   A f t e r   a b o u t   3  m i n u t e s   m i x i n g   a t   t h i s  



h i g h e s t   c o n c e n t r a t i o n   f o r   e a c h   a d d i t i v e ,   t h e   m i x i n g   t o r q u e  
had  s t a b i l i z e d ,   t h e   s a m p l e   was  w e l l   h o m o g e n i z e d ,   and  t h e  

f u l l   s a m p l e   was  r e m o v e d   f r o m   t h e   m i x i n g   h e a d   and  s h e e t e d  

o u t   w i t h   a  s i n g l e   p a s s   t h r o u g h   a  1 0 0 ° C .   2  r o l l   m i l l   h a v i n g  

a  r o l l   s e p a r a t i c n   of   a b o u t   0 . 0 4   i n c h e s .  

The  c o n c e n t r a t i o n s   of   t he   1 , 5 - d i a m i n o n a p h t h a l e n e  

w e r e   2 . 4 ,   5 . 2 ,   and  15  w t .  %   and  t h e   c o n c e n t r a t i o n s   of  t he   8 -  

a m i n o - 2 - n a p h t h o l   w e r e   2 . 4 ,   5 . 6   and  15  w t .   %.  S a t i s f a c t o r y  

m i x i n g   was  a c h i e v e d   a t   a l l   c o n c e n t r a t i o n s ,   t h o u g h ,   f o r   e a c h  

a d d i t i v e   t h e   m e l t   was  c o n s i d e r a b l y   t o u g h e r   and  more  d i f f i c u l t  

to  mix  a t   t h e   l o w e s t   c o n c e n t r a t i o n .   T e n s i l e   p r o p e r t i e s ,   a n d  

m e l t   f l o w   r a t e s   a t   1 9 0 ° C .   a r e   shown  i n   T a b l e   IV,  a l o n g   w i t h  

t h e   n o n p l a s t i c i z e d   s u l f o n a t e d   gum  f o r   r e f e r e n c e .  

T h i s   e x a m p l e   shows  t h a t   as  t h e   c o n c e n t r a t i o n  o f   a d -  

d i t i v e   i s   i n c r e a s e d   f o r   t h e s e   p l a s t i c i z e r s   t h e r e   i s   a  d r a m a t i c  

i n c r e a s e   in   t h e   m e l t   f l o w   r a t e .   H i g h e r   f l o w   r a t e s   a r e   v e r y  
d e s i r a b l e   f o r   r a p i d   f a b r i c a t i o n   t e c h n i q u e s ,   s u c h   as  t he   h i g h  

s p e e d   e x t r u s i o n   of   a r t i c l e s ,   and  f o r   f a s t   c y c l e   t i m e s   and  a d e -  

q u a t e   mold   f i l l i n g   i n   i n j e c t i o n   m o l d i n g   o p e r a t i o n s .   T h e  

h i g h e r   m e l t   f l o w   r a t e s   r e s u l t i n g   fm m  t h e   h i g h   c o n c e n t r a t i o n s  

of  a d d i t i v e s   a l s o   r e s u l t   in   c o r r e s p o n d i n g l y   g r e a t e r   m e l t   f l o w  

r a t e s   in   c o m p o u n d s   made  f r o m   t h e s e   gums  - -   s u c h   a s ,   f o r   e x -  

a m p l e ,   c o m p o u n d s   w i t h   o i l   and  f i l l e r s ,   or  b l e n d s   w i t h   p l a s t i c s .  

T h u s ,   a  s u b s t a n t i a l   g a i n   in   p r o c e s s a b i l i t y   of  c o m p o u n d s   i s  

a c h i e v e d   t h r o u g h   t h e   u s e   of   h i g h   c o n c e n t r a t i o n s   of   t h e s e   p l a s -  

t i c i z e r s ,   in   t h e   same  w a y  a s   a  s u b s t a n t i a l   g a i n   in   p r o c e s s -  

a b i l i t y   of   t he   gums  was  i l l u s t r a t e d   in   t h i s   e x a m p l e .  

For   t h e   1 , 5 - d i a m i n o n a p h t h a l e n e   a d d i t i v e   t h e   t e n s i l e  

p r o p e r t i e s   w e r e   a l s o   m e a s u r e d   a t   a l l   t h r e e   c o n c e n t r a t i o n s .  

I t   i s   r e m a r k a b l e   t h a t   a t   t h e   h i g h e s t   c o n c e n t r a t i o n   of  15  w t .  

%  t h e   t e n s i l e   s t r e n g t h   i s   o v e r   50%  g r e a t e r   t h a n   a t   t he   l o w e r  

c o n c e n t r a t i o n s .   T h i s   b e h a v i o r   i s   q u i t e   u n e x p e c t e d   in   v i e w   o f  

p r i o r   a r t   w h i c h   c l e a r l y   t e a c h e s   t h a t   c o n c e n t r a t i o n s   of   6%  o r  

a b o v e   a r e   d e t r i m e n t a l . t o   p h y s i c a l   p r o p e r t i e s .   Not  o n l y   i s  

t h e   h i g h   c o n c e n t r a t i o n   n o t   d e t r i m e n t a l ,   b u t   i t   r e s u l t s   in   a  

v e r y   l a r g e   i m p r o v e m e n t   in   t e n s i l e   s t r e n g t h .   The  v e r y   e x c e l -  

l e n t   t e n s i l e   s t r e n g t h   c o m b i n e d   w i t h   t h e   i m p r o v e d   m e l t   f l o w  



r a t e   r e s u l t   in   an  o u t s t a n d i n g   b a l a n c e   of  t e n s i l e   and  r h e o -  

l o g i c a l   p r o p e r t i e s   f o r   t h i s   m a t e r i a l   a t   t h i s   h i g h   c o n c e n t r a -  

t i o n   of  a d d i t i v e .  





EXAMPLE  7  -   TENSILE  PROPERTIES  AS  A  FUNCTION  OF  TEMPERATURE 
FOR  A  SULFONATED  EPDM  CONTAINING  DIFFERENT  A D D I -  
TIVES  AT  HIGH  CONCENTRATION 

The  n e u t r a l i z e d   s u l f o n a t e d   EPDM  d e s c r i b e d   i n  

E x a m p l e   1  was  p l a s t i c i z e d   w i t h   15  w t .  %   of   1 , 5 - d i a m i n o n a p h t h a l -  

ene  in   t h e   B r a b e n d e r   m i x i n g   h e a d   d e s c r i b e d   in   E x a m p l e   2.  T e n -  

s i l e   m e a s u r e m e n t s   w e r e   made  o v e r   a  r a n g e   of   t e m p e r a t u r e s   f r o m  

room  t e m p e r a t u r e   up  to   1 2 0 ° C .   u s i n g   t h e   p r o c e d u r e s   d e s c r i b e d  

in   E x a m p l e   3.  R e s u l t s   a r e   shown  i n   T a b l e   V.  F o r   c o m p a r i s o n ,  

r e s u l t s   f o r   s t e a r i c   a c i d ,   a  c o m m o n l y   u s e d   o r g a n i c   p l a s t i c i z e r  

f o r   s u l f o n a t e d   EPDM,  a r e   a l s o   s h o w n .   I t   i s   s e e n   f r o m   T a b l e   V ,  

t h a t   in   s p i t e   of  t h e   h i g h   l e v e l   of   1 , 5 - d i a m i n o n a p h t h a l e n e  

p r e s e n t   in   t h e   s u l f o n a t e d   EPDM  e x c e l l e n t   t e n s i l e   s t r e n g t h s  

a r e   o b t a i n e d   f o r   t h i s   m a t e r i a l   up  to  1 0 0 ° C .   Even   a t   1 2 0 ° C  

t h e   t e n s i l e   s t r e n g t h   i s   o v e r   10.0  p s i ;   t h i s   i s   a  v e r y   r e -  

s p e c t a b l e   s t r e n g t h   f o r   t h i s   t h e r m o p l a s t i c   e l a s t o m e r   c o n s i d e r -  

i n g   t h a t   a t   1 9 0 ° C .   t h e   m a t e r i a l   i s   r e a d i l y   m e l t   p r o c e s s a b l e  

( e . g .   s ee   m e l t   f l o w   r a t e   a t   1 9 0 ° C .   i n   T a b l e   I ) .   In   c o m p a r i -  

s o n ,   t h e   f r e q u e n t l y - u s e d   p l a s t i c i z e r   s t e a r i c   a c i d   h a s   a  t e n -  

s i l e   s t r e n g t h   of   f a r   b e l o w   100  p s i  a t   a  t e m p e r a t u r e   of   7 0 ° C .  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   r e l a t i v e l y   o u t s t a n d i n g   t e n s i l e  

p r o p e r t i e s   of  1 , 5 - d i a m i n o n a p h t h a l e n e   a t   h i g h   t e m p e r a t u r e .  





EXAMPLE  8  -   COMPARISON  OF  PROPERTIES  OF  SULFONATED  EPDM  GUMS 
PLASTICIZED  WITH  HIGH  CONCENTRATIONS  OF  VARIOUS 
FUNCTIONAL  TYPES  HAVING  LONG  ALKYL  CHAINS 

S a m p l e s   of   t h e   n o n p l a s t i c i z e d   gum  d e s c r i b e d   i n  

E x a m p l e   1  w e r e   m i x e d   w i t h   h i g h   c o n c e n t r a t i o n s   of   a d d i t i v e s  

h a v i n g   v a r i o u s   d i f f e r e n t   f u n c t i o n a l   g r o u p s .   E a c h   o f   t h e s e  

a d d i t i v e s   c o n t a i n e d   a  l o n g   a l k y l   c h a i n   to  i n s u r e   r e a s o n a b l y  

g o o d   c o m p a t a b i l i t y   w i t h   t h e   gum  a t   p r o c e s s i n g   t e m p e r a t u r e s .  

The  f u n c t i o n a l   g r o u p s   in   T a b l e   VI  i n c l u d e   a m i n e ,   e s t e r ,  

k e t o n e ,   p h t h a l a t e ,   a l c o h o l ,   and   n i t r i l e   as  w e l l   as  a  C18  w a x  

f o r   r e f e r e n c e .   E a c h   m a t e r i a l   was  i n c o r p o r a t e d   i n   t h e   n o n -  

p l a s t i c i z e d   l i g h t l y   s u l f o n a t e d   EPDM  p r e p a r e d   i n  E x a m p l e   1,  a t  

a  c o n c e n t r a t i o n   o f   60  meq.   p e r   100  g  of   gum.  The  p r o c e d u r e  
d e s c r i b e d   in   E x a m p l e   2  was  u s e d   f o r   i n c o r p o r a t i n g   t h e   a d d i -  

t i v e s   i n t o   t h e   n o n p l a s t i c i z e d   gum.  The  m i x e s   w h i c h   r e s u l t e d  

i n   v e r y   low  m e l t   f l o w   r a t e   c o m p o s i t i o n s   ( s e e   T a b l e   VI)   w e r e  

d i f f i c u l t   to  mix  and  r e q u i r e d   l o n g e r   t i m e s   ( p e r h a p s   10  m i n -  

u t e s   or  s l i g h t l y   l o n g e r )   in   t h e   B r a b e n d e r   m i x e r .   A l s o ,   t h e s e  

low  m e l t   f l o w   r a t e   c o m p o s i t i o n s   t e n d e d   to   mix  as  c h u n k s   r a t h e r  

t h a n   f o r m i n g   a  c o h e r e n t   s h e e t   or   m e l t   w i t h i n   t h e   m i x e r .   F o r  

e x a m p l e ,   t h e   n i t r i l e   and  k e t o n e   p l a s t i c i z e d  s a m p l e s   w e r e   p a r -  

t i c u l a r l y   d i f f i c u l t   to  m i x .   H o w e v e r ,   i t   a p p e a r e d   t h a t  a d e -  

q u a t e   d i s p e r s i o n   o f   t h e   a d d i t i v e   i n   e a c h   of   t h e   s a m p l e s   w a s  

a c c o m p l i s h e d ,   and  t h e   m a t e r i a l   r e m o v e d  f r o m   t h e   m i x e r   a p p e a r e d  

to  be  u n i f o r m   i n   a l l   c a s e s .   M e l t   f l o w   r a t e s   and   t e n s i l e  

m e a s u r e m e n t s   w e r e   made  on  e a c h   of   t h e   s a m p l e s   u s i n g   t h e   p r o -  
c e d u r e s   d e s c r i b e d   i n   E x a m p l e   3.  The   r e s u l t s   a r e   s h o w n   i n  

T a b l e   V I .  

The  s i x   a d d i t i v e s   w i t h   f u n c t i o n a l   g r o u p s   shown  h e r e  

a l l   h a v e   d i p o l e   m o m e n t s   w e l l   a b o v e   0 .6   D e b y e s ,   so  t h e   p r i o r  

a r t   d o e s   n o t   d i s t i n g u i s h   b e t w e e n   w h i c h   w i l l   be  t h e   more   e f f e c -  

t i v e   a d d i t i v e s ;   y e t ,   w h e n   u s e d   a t   i d e n t i c a l   m o l a r   c o n c e n t r a -  

t i o n s   t h e r e   i s   a  d i f f e r e n c e   o f   a b o u t   a  f a c t o r   o f   75  b e t w e e n  

t h e   p o o r e s t   and  t h e   b e s t   f l o w   i m p r o v e r   h e r e .  

T h e s e   r e s u l t s   show  t h a t   n u m e r o u s   o r g a n i c   c h e m i c a l s  

h a v i n g   h i g h   d i p o l e   m o m e n t s   a r e   r e l a t i v e l y   p o o r   as  m e l t   f l o w  

i m p r o v e r s   when  u s e d   a t   h i g h   c o n c e n t r a t i o n s   i n   a  s u l f o n a t e d  



e l a s t o m e r .   I t   i s   n o t e w o r t h y   t h a t   t h e   a m i n e   in   T a b l e   VI  h a s  one  o f   t h e   l o w e s t   d i p o l e   m o m e n t s   o f   t h e   f u n c t i o n a l   g r o u p s  l i s t e d   t h e r e ,   y e t   i t   i s   t h e   mos t   e f f e c t i v e   p l a s t i c i z e r   b y  f a r .  





EXAMPLE  9  -   PREPARATION  OF  TEST  SAMPLES,  AND  MEASUREMENT  OF 
FLOW  AND  TENSILE  PROPERTIES  OF  A  LIGHTLY  SULFON- 
ATED  EPDM  PIA STICIZED  WITH  VARIOUS  SUBSTITUTED 
UREAS  AT  HIGH  CONCENTRATIONS 

V a r i o u s   s u b s t i t u t e d   u r e a s   w e r e   i n c o r p o r a t e d   i n t o  

s a m p l e s   of  t h e   n e u t r a l i z e d   s u l f o n a t e d   EPDM  d e s c r i b e d   i n  

E x a m p l e   1,  u s i n g   p r o c e d u r e s   s i m i l a r   to  t h o s e   d e s c r i b e d   i n  

E x a m p l e   2.  E x c e l l e n t ,   h o m o g e n e o u s   m a t e r i a l s   w e r e   o b t a i n e d   i n  

e a c h   c a s e .   T e s t   p a d s   w e r e   made  f rom  e a c h   of   t h e s e   s a m p l e s   b y  

c o m p r e s s i o n   m o l d i n g   a t   3 5 0 ° F .   The  p r o c e d u r e   was  to   p r e h e a t  

t h e   e m p t y   mold   p l a t e s   in   t he   p r e s s   f o r   a  few  m i n u t e s ,   t h e n   t h e  

m a t e r i a l   was  p u t   in   t h e   mold   and  t h e   mold   c o n t a i n i n g   t h e   m a t e r  

i a l   was  p r e h e a t e d   in   t h e   p r e s s   w i t h   t h e   mold   p l a t e s   s l i g h t l y  

open   f o r   two  m i n u t e s .   Then   t h e   mold   p l a t e s   w e r e   p r e s s e d   c l o s e d  

u n d e r   a  f o r c e   of   a b o u t   20  t o n s   f o r   two  m i n u t e s .   The  s a m p l e s  

w e r e   c o o l e d   in   t h e   m o l d s   u n d e r   p r e s s u r e   f o r   two  m i n u t e s .  

M i c r o t e n s i l e   p a d s   h a v i n g   a  t h i c k n e s s   of   a b o u t   0 .6   mm  and  t e s t  

r e g i o n s   m e a s u r i n g   2 . 5 4   mm  in   w i d t h   and  1 2 . 7   mm  in   l e n g t h   w e r e  

c u t   f rom  t h e   t e s t   p a d s   w i t h   a  d i e .   The  s a m p l e s   w e r e   s t o r e d  

in   c l o s e d   d r y   b o t t l e s   f o r   one  or  more   d a y s   p r i o r   to   t e n s i l e  

t e s t i n g .  

T e n s i l e   s t r e n g t h s   of   t h e   s a m p l e s   w e r e   m e a s u r e d   w i t h  

a n  I n s t r o n   TM  t a b l e   m o d e l   i n s t r u m e n t ,   u s i n g   a  p u l l i n g   s p e e d   o f  

51  mm  p e r   m i n u t e .   M e a s u r e m e n t s   w e r e   made  a t   room  t e m p e r a t u r e  

( 2 5 ° C . ) ,   and   a l s o   a t   a  h i g h e r   t e m p e r a t u r e   to  d e t e r m i n e   t h e  

u s e f u l n e s s   o f   t h e   m a t e r i a l s   a t   e l e v a t e d   t e m p e r a t u r e .   In   t h e  

m e a s u r e m e n t s   a t   e l e v a t e d   t e m p e r a t u r e ,   a f t e r   b e i n g   p l a c e d   i n  

t h e   t e s t i n g   o v e n ,   a  t h r e e   m i n u t e   w a i t i n g   p e r i o d   was  a l l o w e d  

b e f o r e   p u l l i n g   to   e n a b l e   t h e   s a m p l e   to  e q u i l i b r a t e   w i t h   t h e  

o v e n   t e m p e r a t u r e .   The  e l e v a t e d   t e m p e r a t u r e   u t i l i z e d   i n   m o s t  

m e a s u r e m e n t s   was  7 0 ° C .  

M e l t   f l o w   r a t e s   f o r   t h e   v a r i o u s   m a t e r i a l s   w e r e   d e -  

t e r m i n e d   a t   1 9 0 ° C .   w h i c h   i s   in   t h e   r a n g e   of   t y p i c a l   p r o c e s s -  

i n g   t e m p e r a t u r e s   f o r   l i g h t l y   s u l f o n a t e d   EPDM.  The  m e l t   i n -  

dex   i n s t r u m e n t   s p e c i f i e d   i n   ASTM  1 2 3 8 - 7 0   was  u s e d ,   w i t h   t h e  

s t a n d a r d   c a p i l l a r y .   The  w e i g h t   of  t h e   p r o b e   p l u s   t h e   a d d e d  

w e i g h t   was  1 2 . 5   k i l o g r a m s .   F low  r a t e s   w e r e   m e a s u r e d   e l e c -  



t r o n i c a l l y   as  p r o b e   d i s p l a c e m e n t   p e r   m i n u t e ,   and   t h e s e   r e -  

s u l t s   w e r e   c o n v e r t e d   to  g r a m s   p e r   10  m i n u t e s   u s i n g   a  c o n -  

v e r s i o n   f a c t o r .  

The  m e l t   f l o w   r a t e s   and   t e n s i l e   p r o p e r t i e s   f o r   t h e  

l i g h t l y   s u l f o n a t e d   EPDM  s a m p l e s   p l a s t i c i z e d   w i t h   v a r i o u s   s u b -  

s t i t u t e d   u r e a s   a t   h i g h   c o n c e n t r a t i o n s   a r e   shown  i n   T a b l e   1 ;  

p r o p e r t i e s   of  t h e   n o n - p l a s t i c i z e d   l i g h t l y   s u l f o n a t e d   EPDM 

gum  a r e   a l s o   shown  i n   T a b l e   VI I   f o r   r e f e r e n c e .  

T h i s   e x a m p l e   shows   t h a t   a  l i g h t l y   s u l f o n a t e d   EPDM 

m a t e r i a l   p l a t i c i z e d   w i t h   h i g h   c o n c e n t r a t i o n s   of   v a r i o u s   s u b -  

s t i t u t e d   u r e a s   r e s u l t s   in   t r e m e n d o u s l y   i m p r o v e d   m e l t   f l o w  

r a t e s ,   as  c o m p a r e d   w i t h   t h e   n o n - p l a s t i c i z e d   m a t e r i a l ,   f o r  

much  b e t t e r   p r o c e s s a b i l i t y   a t   f a b r i c a t i o n   t e m p e r a t u r e s .   I n  

a d d i t i o n ,   i t   c an   be  s e e n   f r o m   T a b l e   V I I   t h a t   t h e   t e n s i l e  

s t r e n g t h s   a r e   w e l l   a b o v e   t h a t   of   t h e   n o n - p l a s t i c i z e d   g u m .  

T h e r e f o r e ,   i t   i s   c l e a r   t h a t   h i g h   c o n c e n t r a t i o n s   of   v a r i o u s  

s u b s t i t u t e d   u r e a s   can   g i v e   a  v e r y   d e s i r a b l e   b a l a n c e   o f   g o o d  

t e n s i l e   p r o p e r t i e s   c o m b i n e d   w i t h   e x c e l l e n t   m e l t   f l o w   a t   p r o -  

c e s s i n g   t e m p e r a t u r e s .  





EXAMPLE  1 0  -   FLOW  AND  TENSILE  PROPERTIES  OF  A  SULFONATED  EPDM 
GUM  PLASTICIZED  WITH  SOME  SUBSTITUTED  UREAS  AT 
DIFFERENT  CONCENTRATIONS 

S a m p l e s   o f   n e u t r a l i z e d   s u l f o n a t e d   EPDM  p r e p a r e d   a s  
i n   E x a m p l e   1  w e r e   p l a s t i c i z e d   w i t h   v a r i o u s   l e v e l s   of  o c t a -  

d e c y l u r e a   and  d i b e n z y l u r e a   in   t h e   B r a b e n d e r   P l a s t i c o r d e r   d e s -  

c r i b e d   in   E x a m p l e   2.  The  t w o  o c t a d e c y l u r e a   s a m p l e s   w e r e   p r e -  
p a r e d   i n   t h e   m a n n e r   d e s c r i b e d   i n   E x a m p l e   2,  e x c e p t   of   c o u r s e ,  

one  of   t h e   m i x e s   c o n t a i n e d   t h e   l o w e r   30  m e q . / 1 0 0   g.  l e v e l   o f  

o c t a d e c y l u r e a .   The  d i b e n z y l u r e a   s a m p l e s   w e r e   p r e p a r e d   by  a  

s l i g h t l y   d i f f e r e n t   p r o c e d u r e .   F o r  t h e   l o w e s t   l e v e l   o f   d i b e n z l -  

u r e a ,   37  g  of  t h e   n o n - p l a s t i c i z e d   gum  d e s c r i b e d   i n   E x a m p l e   1 

was  a d d e d   to   t h e   m i x i n g   h e a d ,   and  t h e n  0 . 9   g  of   t h e   a d d i t i v e  

was  a d d e d .   A  m i x i n g   s p e e d   of   50  RPM  was  u s e d   f o r   a l m o s t   a l l  

of   t he   m i x i n g   i n   t h e   B r a b e n d e r   m i x i n g   h e a d .   In   t h e   c a s e   o f  

t h e   d i b e n z l u r e a   a d d i t i v e ,   m i x i n g   was  s t a r t e d   a t   1 6 0 ° C . ,   b u t  

b e c a u s e   of   i t s   h i g h e r   m e l t i n g   p o i n t ,   t e m p e r a t u r e s   o f   up  t o  

1 7 7 ° C .   w e r e   u s e d   d u r i n g   t h e   m i x i n g   p r o c e d u r e .   T h r e e   m i n u t e s  

a f t e r   a d d i n g   t h e   d i b e n z l u r e a   t h e   m a t e r i a l   was  m i x i n g   w e l l  

and   was  w e l l   h o m o g e n i z e d .   At  t h i s   p o i n t   a  s m a l l  s a m p l e   o f  

a b o u t   6  g  was  r e m o v e d   f r o m   t h e   m e l t   t h r o u g h   t h e   g a t e   of   t h e  

m i x i n g   h e a d .   T h e n   an  a d d i t i o n a l   1 . 8 8   g  of   t h e   d i b e n z l u r e a  

was  a d d e d ,   and   a d d i t i o n a l   n o n - p l a s t i c i z e d   s u l f o n a t e d   EPDM  g u m  

was  a d d e d   to  f i l l   t h e   m i x i n g  h e a d .   T h i s   m a t e r i a l   was  m i x e d  

u n t i l   i t   was  m i x i n g   w e l l ,   and   t h e   t o r q u e   r e a d i n g  h a d   s t a b i l -  

i z e d ;   a  t o t a l   of   a b o u t   t h r e e   m i n u t e s ,   and   t h e n  a  s e c o n d   s a m p l e  

of   a b o u t   6  g  was  t a k e n .   C a l c u l a t i o n s   of   w t .   p e r c e n t   a d d i t i v e  

f o r  t h i s   s a m p l e   t o o k   i n t o   c o n s i d e r a t i o n   t h e   s a m p l e   p r e v i o u s l y  

r e m o v e d ,   as  w e l l   as  t h e   a d d i t i o n a l   a d d i t i v e   and   n o n - p l a s t i -  

c i z e d   gum  a d d e d   a f t e r   t h e   e a r l i e r   s a m p l e   was  t a k e n .   A f t e r  

t h e   s e c o n d   s a m p l e   was  r e m o v e d   and   w e i g h e d ,   an  a d d i t i o n a l  

5 . 2 5   g  of   t h e   d i b e n z l u r e a  w a s   a d d e d   and   a l s o   a d d i t i o n a l   n o n -  

p l a s t i c i z e d   gum  to  a d e q u a t e l y   f i l l   t h e   B r a b e n d e r   m i x i n g   h e a d  

so  t h a t   t he   g a t e   was  j u s t   b a r e l y   b o u n c i n g .   The  a m o u n t   of   n o n -  

p l a s t i c i z e d   gum  n e e d e d   was  d e t e r m i n e d   by  r u n n i n g   t h e   m i x i n g  

h e a d   f o r   a  s h o r t   t i m e   ( r o u g h l y   15  s e c o n d s )   and   o b s e r v i n g  

w h e t h e r   t h e   g a t e   was  b o u n c i n g   s l i g h t l y   - -   i n d i c a t i n g   a  f i l l e d  



m i x i n g   h e a d .   A f t e r   a b o u t   t h r e e   m i n u t e s   m i x i n g   a t   t h i s   h i g h -  
e s t   c o n c e n t r a t i o n   of   a d d i t i v e ,   t he   m i x i n g   t o r q u e   had   s t a b i l -  

i z e d ,   t he   s a m p l e   was  w e l l   h o m o g e n i z e d ,   and  t h e   f u l l   s a m p l e  
was  r e m o v e d   f r o m   t h e   m i x i n g   h e a d   and  s h e e t e d   o u t   w i t h   a  

s i n g l e   p a s s   t h r o u g h   a  1 0 0 ° C .   t w o - r o l l   m i l l   h a v i n g   a  r o l l   s e p -  
r a t i o n   of  a b o u t   0 . 0 4   i n c h e s .  

The  c o n c e n t r a t i o n s   of  d i b e n z y l u r e a   w e r e   2 . 4 ,   5 . 8  

and  1 5 . 2   w t .   %.  S a t i s f a c t o r y   m i x i n g   was  a c h i e v e d   a t   a l l  

c o n c e n t r a t i o n s ,   t h o u g h   t h e   m e l t   was  c o n s i d e r a b l y   t o u g h e r   a t  
t h e   l o w e s t   c o n c e n t r a t i o n .   T e n s i l e   p r o p e r t i e s   and  m e l t   f l o w  

r a t e s   a t   1 9 0 ° C .   a r e   shown  in   T a b l e   V I I I ,   a l o n g   w i t h   t h e   n o n -  

p l a s t i c i z e d   s u l f o n a t e d   gum  f o r   r e f e r e n c e .  

T h i s   e x a m p l e   shows  t h a t   as  t h e   c o n c e n t r a t i o n   of  a d -  

d i t i v e   i s   i n c r e a s e d   f o r   t h e s e   p l a s t i c i z e r s ,   t h e r e   i s   a  d r a m a t -  

ic  i n c r e a s e   in   t h e   m e l t   f l o w   r a t e .   The  h i g h e r   f l o w   r a t e s   a r e  

v e r y   d e s i r a b l e   f o r   r a p i d   f a b r i c a t i o n   t e c h n i q u e s ,   s u c h   as  t h e  

h i g h   s p e e d   e x t r u s i o n   of   a r t i c l e s ,   and  f o r   f a s t   c y c l e   t i m e s  

and  a d e q u a t e   mold   f i l l i n g   i n j e c t i o n   m o l d i n g   o p e r a t i o n s .   T h e  

h i g h e r   m e l t   f l o w   r a t e s   r e s u l t i n g   f rom  t h e   h i g h   c o n c e n t r a t i o n s  

of  a d d i t i v e s   a l s o   r e s u l t   in   c o r r e s p o n d i n g l y   g r e a t e r   m e l t   f l o w  

r a t e s   i n   c c m p o u n d s   made  f rom  t h e s e   gums  - -   s u c h   a s ,   f o r   e x -  

a m p l e ,   c o m p o u n d s   w i t h   o i l   and  f i l l e r s ,   or  b l e n d s   w i t h   p l a s t i c s .  

T h u s ,   a  s u b s t a n t i a l   g a i n   in   p r o c e s s a b i l i t y   of   c o m p o u n d s   i s  

a c h i e v e d   t h r o u g h   t h e   use   of   h i g h   c o n c e n t r a t i o n s   of   t h e s e  

p l a z t i c i z e r s ,   in   t he   same  way  as  a  s u b s t a n t i a l   g a i n   in   p r o -  

c e s s a b i l i t y   of   t he   gums  was  i l l u s t r a t e d   i n   t h e s e   s a m p l e s .  

For   t h e   d i b e n z y l u r e a   a d d i t i v e   of  t h i s   e x a m p l e ,  

l a r g e   i n c r e a s e s   in   m e l t   f l o w   r a t e   a r e   o b s e r v e d   i n   T a b l e   V I I I  

as  t h e   c o n c e n t r a t i o n   i n c r e a s e s   f r o m   2 . 4   to  1 5 . 2   w t .   %.  W h i l e  

t h e   m e l t   f l o w   r a t e   i s   i n c r e a s i n g   so  g r e a t l y   w i t h   i n c r e a s e s   i n  

c o n c e n t r a t i o n ,   we  s ee   t h a t   t h e   t e n s i l e   s t r e n g t h   a t   t h e   h i g h -  

e s t   c o n c e n t r a t i o n   of   o v e r   15  w t .   %  i s   a b o v e   3500  p s i   w h i c h  

i s   an  e x t r e m e l y   good   t e n s i l e   s t r e n g t h ,   and  more  t h a n   5  t i m e s  

t h a t   of   t he   u n p l a s t i c i z e d   s u l f o n a t e d   EPDM  gum.  T h i s   t e n s i l e  

s t r e n g t h   i s   c o n s i d e r a b l y   g r e a t e r   t h a n   t h e   t e n s i l e   s t r e n g t h  

a t   5 . 8   w t .   %  a d d i t i v e   - -   a b o u t   50%  m o r e .   T h i s   r e s u l t   i s  

q u i t e   s u r p r i s i n g   in   v i e w   of  t h e   p r i o r   a r t   w h i c h   t e a c h e s   t h a t  



t e n s i l e   p r o p e r t i e s   d e t e r i o r a t e   as  a d d i t i v e   c o n c e n t r a t i o n s   i n -  

c r e a s e   p a s s e d   6  w t .   %.  I n d e e d ,   t h e r e   was  a  s u b s t a n t i a l   d e -  

c r e a s e   in   t e n s i l e   s t r e n g t h   f o r   t he   d i b e n z l u r e a   a d d i t i v e   i n  

g o i n g   f r o m   2 . 4   to  5 . 8   W t .  %   in   a g r e e m e n t   w i t h   t h e   e x c e p t i o n s  

of  p r i o r   a r t ;   h o w e v e r ,   as  c o n c e n t r a t i o n   i s   i n c r e a s e d   to   15  

w t .  %   a d d i t i v e ,   a  t e n s i l e   s t r e n g t h   e v e n   s u p e r i o r   to  t h a t   a t  

t he   l o w e r   c o n c e n t r a t i o n s   i s   o b t a i n e d .   T h e r e f o r e ,   i t   i s   s e e n  

t h a t   c o n c e n t r a t i o n s   o f  a b o v e  5   p a r t s   p e r   h u n d r e d   w t .   %  c a n  

r e s u l t   in   p a r t i c u l a r l y   e x c e l l e n t   room  t e m p e r a t u r e   t e n s i l e  

s t r e n g t h   and  o u t s t a n d i n g   m e l t   f l o w   r a t e s   a t   p r o c e s s i n g   t e m p e r -  

a t u r e   ( e . g . ,   e x c e l l e n t   p r o c e s s a b i l i t y ) ,   f o r   a  r e s u l t a n t   v e r y  
e x c e l l e n t   b a l a n c e   of  t e n s i l e   p r o p e r t i e s   and  m e l t   p r o c e s s a b i l -  

i t y .  

For   t he   c o n c e n t r a t i o n s   of  o c t a d e c y l u r e a   g i v e n   i n  

T a b l e   V I I I   t h e r e   i s   more  t h a n   a  250%  i n c r e a s e   in   m e l t   f l o w  

r a t e   as  a  r e s u l t   of  g o i n g   f rom  7 .8   to  1 5 . 7   w t .  %   of   a d d i t i v e ;  

and  t h e r e   i s   a  c h a n g e   in   t e n s i l e   s t r e n g t h   o f  l e s s   t h a n   2 0 % .  

S i n c e   t he   h i g h e r   c o n c e n t r a t i o n   of   o c t a d e c y l u r e a   r e s u l t s   i n  

o n l y   s l i g h t l y   r e d u c e d   and   s t i l l   q u i t e   s a t i s f a c t o r y   t e n s i l e  

s t r e n g t h   w h i l e   c a u s i n g   a  v e r y   s u b s t a n t i a l   i n c r e a s e   i n   m e l t  

f l o w ,   t h e   o v e r a l l   p r o p e r t y / r h e o l o g y   b a l a n c e   o f   t h e   m a t e r i a l  

i s   m a r k e d l y   i n c r e a s e d .  





EXAMPLE  1 1  -   PHYSICAL  PROPERTIES  OF  A  SULFONATED  EPDM  P L A S T I -  
CIZED  WITH  VARIOUS  SUBSTITUTED  THIOUREAS  AT 
HIGH  CONCENTRATION 

V a r i o u s   s u b s t i t u t e d   u r e a s   w e r e   i n c o r p o r a t e d   i n t o  

s a m p l e s   of   t he   n e u t r a l i z e d   s u l f o n a t e d   EPDM  d e s c r i b e d   i n  

E x a m p l e   1,  u s i n g   p r o c e d u r e s   s i m i l a r   to  t h o s e   d e s c r i b e d   i n  

E x a m p l e   2.  E x c e l l e n t   h o m o g e n e i t y   was  o b t a i n e d   in   e a c h   o f   t h e  

p l a s t i c i z e d   m a t e r i a l s .   T e s t   s a m p l e s   w e r e   p r e p a r e d   and  r o o m  

t e m p e r a t u r e   t e n s i l e   m e a s u r e m e n t s   w e r e   made  u s i n g   t h e   p r o c e -  
d u r e s   d e s c r i b e d   in   E x a m p l e   9.  M e l t   f l o w   r a t e   m e a s u r e m e n t s  

w e r e   a l s o   made  u s i n g   t h e   t e c h n i q u e   d e s c r i b e d   i n   E x a m p l e   9 .  

The  m e l t   f l o w   r a t e s   and   t e n s i l e   p r o p e r t i e s   f o r   t h e   s u l f o n a t e d  

EPDM  s a m p l e s   p l a s t i c i z e d   w i t h   v a r i o u s   s u b s t i t u t e d  t h i o u r e a s  

a t   h i g h   c o n c e n t r a t i o n s   a r e   shown  in  T a b l e   I X .  

T h i s   e x a m p l e   shows  t h a t   t h e   m e l t   f l o w   r a t e s   f o r  

t h e s e   gums  p l a s t i c i z e d   w i t h   v a r i o u s   t h i o u r e a s   a r e   e x c e l l e n t .  

The  m e l t   f l o w   r a t e s   of   t h e   m a t e r i a l s   i n   T a b l e   I I I   a r e   r o u g h l y  

200  t i m e s   g r e a t e r   t h a n   t h a t   of  t h e   n o n - p l a s t i c i z e d   gum  i n t o  

w h i c h   t h e y   w e r e   i n c o r p o r a t e d .   T h e . t e n s i l e   p r o p e r t i e s   of  t h e  

gums  p l a s t i c i z e d   w i t h   v a r i o u s   s u b s t i t u t e d   t h i o u r e a s   a r e   c o m -  

p a r a b l e   t o ,   or  s o m e w h a t   g r e a t e r   t h a n   t h a t   of   t h e   n o n - p l a s t i -  

c i z e d   gum.  H o w e v e r ,   t h e   t e n s i l e   s t r e n g t h s   a r e   n o t   as  o u t -  

s t a n d i n g   as  f o r   some  of   t h e   s u b s t i t u t e d   u r e a s   l i s t e d   i n   T a b l e  

V I I .   T h e r e f o r e ,   p r e f e r r e d   a p p l i c a t i o n s   f o r   s u l f o n a t e d   e l a s -  

t o m e r s   p l a s t i c i z e d   w i t h   t h e s e   p a r t i c u l a r   s u b s t i t u t e d   t h i o u r e a s  

w o u l d   i n v o l v e   h i g h   r a t e s   of   f a b r i c a t i o n   s u c h  a s   e x t r u s i o n   o r  

i n j e c t i o n   m o l d i n g   w h e r e   h i g h   m e l t   f l o w   r a t e s  w o u l d   be  a t   a  

p r e m i u m ,   b u t   t h e   f a b r i c a t e d   a r t i c l e s   s h o u l d n ' t   r e q u i r e   o u t -  

s t a n d i n g   t e n s i l e   s t r e n g t h ;   f o r   e x a m p l e ,   some  p o s s i b l e   a p p l i -  

c a t i o n s   a r e   s h o c k   a b s o r b e r s   or  r u b b e r   p r o t e c t i v e   m a t s .  





EXAMPLE  1 2  -   COMPARISON  OF  PROPERTIES  OF  SULFONATED  EPDM  GUMS 
PLASTICIZED  WITH  HIGH  CONCENTRATIONS  OF  VARIOUS 
FUNCTIONAL  TYPES  HAVING  LONG  ALKYL  CHAINS 

S a m p l e s   o f   t h e   n o n - p l a s t i c i z e d   gum  d e s c r i b e d   i n  

E x a m p l e   1  w e r e   m i x e d   w i t h   h i g h   c o n c e n t r a t i o n s   of   a d d i t i v e s  

h a v i n g   v a r i o u s   d i f f e r e n t   f u n c t i o n a l   g r o u p s .   Each   o f   t h e s e  

a d d i t i v e s   c o n t a i n e d   a  l o n g   a l k y l   c h a i n   to  i n s u r e   r e a s o n a b l y  

good   c o m p a t i b i l i t y   w i t h   t h e   gum  a t   p r o c e s s i n g   t e m p e r a t u r e s .  
The  f u n c t i o n a l   g r o u p s   i n   T a b l e   X . i n c l u d e   u r e a ,   e s t e r ,   k e t o n e ,  

p h t h a l a t e ,   a l c o h o l   and  n i t r i l e ,   as  w e l l   as  a  C18  wax  f o r   r e f e r -  

e n c e .   Each   m a t e r i a l   was  i n c o r p o r a t e d   in   t h e   n o n - p l a s t i c i z e d  

l i g h t l y   s u l f o n a t e d   EPDM  p r e p a r e d   i n   E x a m p l e   1,  a t   a  c o n c e n -  

t r a t i o n   of  60  meq.   p e r   100  g  o f  g u m .   T h e   p r o c e d u r e   d e s c r i b e d  

in   E x a m p l e   2  was  u s e d   f o r   i n c o r p o r a t i n g   t h e   a d d i t i v e s   i n t o  

t he   n o n - p l a s t i c i z e d   gum.  The  m i x e s   w h i c h   r e s u l t e d   i n   v e r y   l o w  

m e l t   f l o w   r a t e   c o m p o s i t i o n s   ( s e e   T a b l e   X)  w e r e   d i f f i c u l t   t o  

mix  and  r e q u i r e d   l o n g e r   t i m e s   ( p e r h a p s   10  m i n u t e s   or  s l i g h t l y  

l o n g e r )   in   t h e   B r a b e n d e r   m i x e r .   A l s o ,   t h e s e   low  m e l t   f l o w  

r a t e   c o m p o s i t i o n s   t e n d e d   to   mix  as  c h u n k s   r a t h e r   t h a n   f o r m i n g  

a  c o h e r e n t   s h e e t   or   m e l t   w i t h i n   t h e   m i x e r .   Fo r   e x a m p l e ,   t h e  

n i t r i l e   and  k e t o n e   p l a s t i c i z e d   s a m p l e s   w e r e   p a r t i c u l a r l y   d i f -  

f i c u l t   to   m i x .   H o w e v e r ,   i t   a p p e a r e d   t h a t   a d e q u a t e   d i s p e r s i o n  

of   t h e   a d d i t i v e   i n   e a c h   o f   t h e   s a m p l e s   was  a c c o m p l i s h e d ,   a n d  

t h e   m a t e r i a l   r e m o v e d   f r o m   t h e   m i x e r   a p p e a r e d   to   be  u n i f o r m   i n  

a l l   c a s e s .   M e l t   f l o w   r a t e s  a n d   t e n s i l e   m e a s u r e m e n t s   w e r e  

made  on  e a c h   o f   t h e   s a m p l e s   u s i n g   t h e   p r o c e d u r e s   d e s c r i b e d   i n  

E x a m p l e   9.  The   r e s u l t s   a r e   shown  i n   T a b l e   X .  

The  s i x   a d d i t i v e s   w i t h   f u n c t i o n a l   g r o u p s   shown  h e r e  

a l l  h a v e   d i p o l e   m o m e n t s   w e l l   a b o v e   0 .6   D e b y e s ,   so  t h e   p r i o r  

a r t   d o e s   n o t   d i s t i n g u i s h   b e t w e e n   w h i c h   w i l l   be  t h e   more  e f f e c -  

t i v e   a d d i t i v e s ;   y e t ,   when   u s e d   a t   i d e n t i c a l   m o l a r   c o n c e n t r a -  

t i o n s ,   t h e r e   i s   a  d i f f e r e n c e   of   a b o u t   a  f a c t o r   of   75  b e t w e e n  

t h e   p o o r e s t   and  t h e   b e s t   f l o w   i m p r o v e r   h e r e .  

T h e s e   r e s u l t s   show  t h a t  n u m e r o u s   o r g a n i c   c h e m i c a l s  

h a v i n g   h i g h   d i p o l e   m o m e n t s   a r e   r e l a t i v e l y   p o o r   as  m e l t   f l o w  

i m p r o v e r s   when   u s e d   a t   h i g h  c o n c e n t r a t i o n   i n   s u l f o n a t e d   EPDM. 

The  s u b s t i t u t e d   u r e a s   and  t h i o u r e a s   a r e   v e r y   e f f e c t i v e   m e l t  



f l o w   i m p r o v e r s   f o r   s u l f o n a t e d   EPDM  when  u s e d   a t   h i g h   c o n c e n -  

t r a t i o n s ,   and  t h e i r   e x c e l l e n t   e f f e c t i v e n e s s   as  c o m p a r e d   w i t h  

many  o t h e r   f u n c t i o n a l   a d d i t i v e s   c o u l d   n o t   be  a n t i c i p a t e d  

f rom  t h e   p r i o r   a r t .  





S i n c e   many  m o d i f i c a t i o n s   and  v a r i a t i o n s   of  t h i s  

i n v e n t i o n   may  be  made  w i t h o u t   d e p a r t i n g   f r o m   t h e   s p i r i t   o r  

s c o p e   of   t h e   i n v e n t i o n   t h e r e o f ,   i t   i s   n o t   i n t e n d e d   to  l i m i t  

t h e   s p i r i t   or  s c o p e   t h e r e o f   to  t h e   s p e c i f i c   e x a m p l e s   t h e r e o f .  



1  An  e l a s t o m e r i c   composi t ion   c o m p r i s i n g :  

(a)  a  n e u t r a l i z e d   su l fona t ed   e l a s t o m e r i c   polymer  having  10  to  60  meq. 

su l fona te   groups  per  100  grams  of  said  su l fona t ed   e l a s t o m e i r c   polymer,  s a i d  

su l fona te   groups  being  n e t r a l i z e d   with  metal  c a t i o n s ;   and 

(b)  5 to  75  par ts   by  weight  of  an  organic   urea  or  t h iou rea   having  t h e  

fo rmula  

per  100  par ts   of  said  n e u t r a l i z e d   su l fona t ed   e l a s t omer i c   polymer,   wherein  A  i s  

oxygen  cr  su l fu r   and  R1  and  R2  are  the  same  or  d i f f e r e n t   and  are  an  alkyl   g r o u p ,  

an  a r a l k y l   group  or  an  aryl  group,  provided  that   if  R1  and  R2  are  alkyl   g r o u p s ,  

then  at  l eas t   one  of  them  must  be  a  C11  to  C22  alkyl   group  or  8  to  75  p a r t s  

by  weight  of  an  organic   amine  based  on  100  par t s   of  said  n e u t r a l i z e d   s u l f o n a t e d  

e l a s tomer i c   polymer,  wherein  said  amine  is  a  mono  or  d i - s u b s t i t u t e d   amino  n a p h t h a l e n e  

compound,  an  aminc  a lk ly   s u b s t i t u t e d   naph tha lene   compound,  or  a  s a t u r a t e d   n - a l k y l  

amine  or  a  mix tu re   t h e r e o f .   wherein  the  a lkyl   group  of  said  n - a lky lamine   has  a t  

l eas t   20  carbon  a t o m s ,  p r o v i d e d   the  urea,   t h i o u r e a   or  organic   amine  is  so l id   a t  

ambient  t e m p e r a t u r e .  

2 .  A   composi t ion   according  to  claim  1  wherein  said  n e u t r a l i z e d   s u l f o n a t e d  

e l a s t o m e r i c   polymer  is  formed  from  Butyl  rubber  or  an  EPDM  t e r p o l y m e r .  

3.  A  composi t ion   accord ing   to  claim  3,  wherein  said  EPDM  terpolymer   c o m p r i s e s  

about  40  to  about  50  wt.%  of  e thy l ene ,   about  10  to  about  59  wt.%  of  propylene  and 

about  1  to  about  10  wt.%  of  a  non-con juga ted   d i e n e .  

4.  A  composi t ion   according  to  claim  3,  wherein  said  non-con juga ted   diene  i s  

1 , 4 - h e z a d i e n e ,   d i c y c l o p e n t a d i e n e ,   an  a l k y l i d e n e   s u b s t i t u t e d   norbornene ,   an  a l k e n y l  

s u b s t i t u t e d   norbornene  or  t e t r a h y r o i n d e n e .  

4.  A  composi t ion   accord ing   to  claim  4,  wherein  said  non-con juga ted   diene  i s  

5 - e t h y l i d e n e - 2 - n o r b o r n e n e .  



6.  A  compos i t ion   according  to  any  one  of  the  p reced ing   claims  w h e r e i n  

said  metal  c a t i o n   of  said  metal  n e u t r a l i z e d   s u l f o n a t e d   polymer  is  a  metal  of  

groups  I-A,  I I-A,   I-B  and  II-B  of  the  P e r i o d i c   Table  of  Elements  lead,  ant imony 

or  i r o n .  

7.  A  compos i t ion   according  to  claim  6,  wherein  said  metal  ca t ion   is  z i n c .  

8.  A  compos i t ion   according  to  any  one  of  the  p reced ing   claims  wherein  s a i d  

urea  is  d i b e n z y l u r e a .  

9.  A  compos i t ion   according  to  any  one  of  the  p reced ing   claims  which  c o n t a i n s  

at  l e a s t   8  pa r t s   by  weight  of  said  urea  or  t h i o u r e a .  

10.  A  compos i t ion   according   to  any  one  of  the  p reced ing   claims  wherein  s a i d  

organic   urea  or  t h i o u r e a   has  a  mel t ing   point   of  at  l e a s t   70°C. 

11.  A  compos i t ion   according   to  any  one  of  claims  1  to  7  wherein  said  amine  i s  

1 ,5 -d iamino   n a p h t h a l e n e ,   8 - a m i n - 2 - n a p h t h o l ,   a r a c h i d y l a m i n e   or  b e h e n y l a m i n e .  

12.  A  compos i t ion   according  to  any  one  of  claims  1  to  7  and  11  which  c o n t a i n s  

at  l e a s t   10  pa r t s   by  weight  of  said  amine .  

13.  A  compos i t ion   according   to  any  one  of  claims  1  to  7,  11  and  12  w h e r e i n  

said  amine  has  a  me l t ing   point   of  at  l e a s t   70°C. 
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